Supplemental Final Report Wasatch Weather Modification Project by Utah Water Research
                            Laboratory,
Utah State University 
DigitalCommons@USU 
Reports Utah Water Research Laboratory 
January 1969 
Supplemental Final Report Wasatch Weather Modification Project 
Utah Water Research Laboratory 
Follow this and additional works at: https://digitalcommons.usu.edu/water_rep 
 Part of the Civil and Environmental Engineering Commons, and the Water Resource Management 
Commons 
Recommended Citation 
Utah Water Research Laboratory, "Supplemental Final Report Wasatch Weather Modification Project" 
(1969). Reports. Paper 40. 
https://digitalcommons.usu.edu/water_rep/40 
This Report is brought to you for free and open access by 
the Utah Water Research Laboratory at 
DigitalCommons@USU. It has been accepted for 
inclusion in Reports by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
Supplemental F ina 1 Report 
Contract No. 14-06-D-6003 
Dated July 1: 1966 
as amended 
WASATCH WEATHER MODIFICATION PROJECT 
Utah Water Research Laboratory (UWRL) 
College of Engineering 
Utah State Univer s ity 
Submitted June 1969 
to 
Office of Atmospheric Water Resources 
Office of Chief Engineer 
Bureau of Reclamation 
U. S. Department of the Interior 
Prepared by George W. Reynolds 
Key Personnel: 
Project Leader 
Water Management 
The T e lemete ring Sys tern 
Field Ope ra tions 
Meteorological Data Collection 
and Processing 
Field Technicians 
Nuclei 
Precipitation Chemistry 
Statistics 
Director, Utah Water 
Research Laboratory 
George W. Reynold s 
Joel E. Fletcher 
Duane C. Chadw ick 
Don L. Griffin 
Harold H. Merritt 
C. Earl Israelsen 
William N. McNeill 
VerI K. Bindrup 
H. Edison Harrelson 
William F. Slusser 
Harvey C. Millar 
David White 
Jay M. Bagley 
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an endorseITlent either by the Bureau of ReclaITlation or by Utah State 
University. 
2. 372 hours of ice-forming nuclei counting on 19 days. 
3. The collection of 23 precipitation samples for silver analysis 
on 3 days. 
4. The exposure of 125 slides for the collection of snow crystal 
replicas on 8 days. 
5. 2,799 station-hours of operation of wind speed measurement 
units and 1,537 station-hours of operation of wind direction measure-
n1.ent units. 
6. 79 hours of silver iodide generator operations on 8 days. 
7. 7,032 precipitation reports from the telemetering network on 
23 days. 
The appropriate data have all been coded and forwarded to the 
Office of Atmospheric Water Resources in accordance with the 
Experimental Plan. Comments and suggestions for each phase of 
the operation are included in the appropriate section of this report. 
Graphing of some of the storm data has been completed. 
Although the analysis of the data from Joint Experiment No. 1 
has only begun, some conclusions are possible. 
1. Such a field experiment, involving four different scientific 
groups operating at three widely separated locations, coordinated 
through a central office, such as the Office of Atmospheric Water 
Resources, is practicable. 
2. On command, manual seeder operation, in winter at moderate 
altitudes in the mountains, requires that snow equipment and a crew 
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be reserved specifically for this task. This makes both essentially 
unavailable for precipitation measurement network maintenance, etc. 
3. Snow equipment and a crew must be specifically reserved for 
the task, if 10 recording wind units and 4 hygrothermographs are to be 
kept in continuous operation. 
4. Radio communications facilities to the field are necessary for 
the efficient conduct of an experiment of this kind. 
5. Based upon one seeding period, it appears that the plume 
dispersion pattern on nonseedable days is not necessarily representative 
of dispersion patterns on seedable days. Thus the validity of applying 
diffusion information gathered on nonseedable days to realistic cloud 
seeding experiments is at best questionable. Additional investigation 
of this hypothesis is obviously required. 
6. It may be possible to use anomalies in fog patterns as an 
indicator of trapping of the silver iodide plume in the Cache Valley. 
7. The 3 -cm radar, of the type owned by the Office of Atmospheric 
Water Resources, does recognize precipitation in at least some of the 
-Wasatch Mountain winter storms. Whether the water content and the 
liquid to ice ratios are proper for recognition with this set for all 
Wasatch Mountain storms, and the extent to which this radar is capable 
of reporting the changes and movements of precipitation systems has 
not yet been determined. 
8. The collection of snow crystal replicas in the Cache Valley is 
difficult during most productive snowstorms because of temperature 
x 
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INTRODUCTION 
The primary objective of the Wasatch ·Weather Modification 
Project has not changed materially since the inception of the Project. 
As stated in the Final Report, June 1968,(1) the objective is "to assess 
the relative effectiveness and the practicability of selected procedures 
for increasing the water supply, from precipitation over the Wasatch 
Mountains, by cloud seeding." This statement was the basic guideline 
for FY69 activities. 
This is a report of the activities and accomplishments of the 
third year (FY69) of a three year contract. The achievements of the 
first two years of the contract were described in the Final Report, 
June 1968.(1) Briefly, by the end of FY 68, the Project had reached 
the following level. 
1. The telemetering prec ipitation measurement reporting systern 
was in automatic operation. It had been operated, unattended, for as 
long as 56 consecutive hours. Thirty-eight complete field units had 
been installed, and 34 had responded in a single interrogation cycle. 
Twenty-four were considered dependable from the interrogation-
response viewpoint. 
2. All of the network data from the 1967-68 experimental season 
had been punched, verified, and computer converted to precipitation 
values. A program for computer plotting of cumulative precipitation 
amounts against time had been completed, but not applied. 
3. As a result of reliability tests, new type guides for the 
precipitation cans had been installed in order to reduce friction. All 
of the weighing springs in the transducers had been replaced with a 
material which has a lower temperature expansion coefficient and a 
more nearly constant modulus of rigidity. The data appeared to make 
sense on a monthly basis. The quality of the data was scheduled to 
undergo further critical examination. 
4. A tentative experimental plan, covering both seeding and 
analytical procedures had been established. This plan was, and must 
remain,suf£iciently flexible to allow response to advances in the state 
of the science and additional climatological evidence. 
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5. Five classes of support studies and activities were in progress 
or had been completed. 
a. Experimental Time-Unit Climatology. Information on 
hourly and daily precipitation rates, the frequency, duration, 
and precipitation production of storms, and the continuity of 
precipitation within storms had been collected, processed, and 
summarized. This work was not complete. A computer program 
had been written, but not applied, which would provide precipi-
tation expectancies for periods of intermediate lengths. Another 
prograITl for testing the dependence of precipitation rates on the 
tiITle dependence within storITlS had been written. 
b. Precipitation MeasureITlent Capacity RequireITlents. A 
cOITlputer prograITl had been written, the inforITlation froITl which 
provides a basis for deterITlining ITleasureITlent capacity and site 
visit scheduling requireITlents for the reITlote stations. 
c. Cloud Population Studies. Ten years of Salt Lake City 
rawinsonde data had been ordered and procedure s for the exploi-
tation of the data had been roughly outlined. 
de Target Anticipation. 
(1). PreliITlinary sUITlITlaries of 700 ITlb and 500 ITlb 
wind directions, froITl 1961-64 Salt Lake City rawinsonde 
data had been cOITlpleted. 
(2). A cOITlputer prograITl which will provide nuclei 
concentrations and pluITle widths, under a variety of assumed 
and ITleasured conditions, had been cOITlpleted. 
e. Special Maps. 
(1). A special topographical ITlap of the ExperiITlental 
A rea had been cOITlpletede 
(2). A station location ITlap had been completed. 
6. Two approaches to the pluITle identification probleITl had been 
pur sued. 
a. Precipitation Ch~ITlistry. Project personnel had been 
searching for a simple, inexpensive, rapid, field adaptable 
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technique for quantifying very low concentrations of silver in 
precipitation water. Both colorimetric and atomic absorption 
spectrophotometer techniques had been investigated. Both 
appeared promising, but definitive results were not yet obtained 
for either. 
b. Nuclei Counting. A partial bibliography on "Inadvertent 
Cloud Seeding by Air Pollution" had been collected. Arrange-
ments had been made for the loan of an ice-forming nuclei 
counter from NCAR, and a hygroscopic nuclei counter had been 
ordered. 
7 . Ground-based, s ilve r iodide generators were operated twice 
in April, 1968. 
8. A surplus T-9, 3-cm radar had been modified and operated 
both for observing precipitation patterns and behavior, and for 
determining winds from corner reflectors. Further testing and 
evaluation were needed before conclusive statements could be made. 
9. Plans had been made to share the use of data collected by 
ESSA, the U. S. Forest Service, and the Soil Conservation Service. 
10. A mobile rawinsonde receiver-recorder unit had been 
ordered. 
The activities and accomplishments of the third contract year 
(FY69) basically followed the pattern set during the two previous years. 
In addition to the improvement and ope ration of the te lemete ring 
network and the support measurements and studies, a special 
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cooperative experin1ent was entered into with the Bureau of Reclamation. 
This experiment, which occupied most of the Project's time during 
February 1969, is described in a subsequent section "Project Skywater 
Joint Experiment No.1. " 
THE EXPERIMENTAL PLAN 
In general, there has been no fundamental change from the 
approach described in the June 1968 Final Report. That is, the 
evaluation of the relative effects of cloud seeding activities "is to be 
based primarily upon differences in precipitation amounts recorded: 
at target and control stations; during seeded and unseeded storms at 
each of selected stations. Evidence of differences between space and 
time precipitation patterns and characteristics of seeded and unseeded 
storms will be submitted to rational analysis as well as to statistical 
treatment. " 
Data from the USU telemetering network, reinforced with what-
ever additional relevant data are available, will be used to establish 
precipitation patterns and characteristics. Standard facsimile and 
teletype charts and data will supply the synoptic and thermodynarnic 
data necessary for the "synoptic stratification" of precipitation events 
and for the rational analysis. 
The analytical objectives and procedures are still basically the 
same as outlined in the "Summary of the Tentative Meteorological 
Analysis Plan, " dated February 10, 1968. (2) More emphasis is to 
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be placed on the physical explanations for the progress of meteorological 
conditions and events. SOITle of the details of the procedures will no 
doubt change as experience is accumulated with these particular data, 
For example, it is doubtful if the data will justify isohyetal cha.rts at 
1/2 hour intervals, and some means of normalizing the data for spatial 
analysis n1ust be developed. But in the main, the direction and the 
techniques will change little fron1 those proposed in this "Summary. If 
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The Experin1ental Area was shifted sOn1ewhat to the north, being 
confined roughly to the north of Salt Lake City. A telen1etering station 
was established at the Kelley Ranger Station in Wyon1ing. Another was 
considered for Elk Mountain, a University of Wyon1ing experimental site) 
but these plans were abandoned for financial reasons. Although both of 
these Wyon1ing stations are outside the prin1ary Experimental Area, 
they are in keeping with previous plans to include a capability for 
recognizing whether there are any far downwind effects fron1 cloud 
seeding along the Wasatch Front. 
The Experin1ental Season ren1ains Noven1ber through April. 
However, April needs to be reconsidered, since it is possible that 
upper air ten1perature conditions are not cOn1patible with Project 
intentions to increase the snowpack. 
THE SEEDING PLAN 
At a planning meeting in August, 1968, Professor Lew Grant 
(Colorado State University) pointed out the special advantages of using 
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a fixed time, 24-hour experimental time unit. For his area in particular, 
there is apparently a strong diurnal trend in precipitation characteristics, 
and the 24-hour time unit puts a "control II on this diurnal behavior. 
Starting each experiment at the same time of day makes scheduling ITluch 
easier, in addition to adding some additional statistical control, if the 
starting time is properly selected. The 24-hour period can be divided 
later into smaller time units, if circumstances seem to justify such 
division. 
The obvious disadvantage of the 24-hour time unit is that both very 
short (less than an hour) and long (24 hours) precipitation periods will 
be elements of the same statistical sample. This can be expected to 
increase considerably the length of time required for reliable statistical 
significance testing. 
In spite of this statistical consideration, logistics forced the 
selection of a fixed time, 24 hour experimental time-unit. Because of 
financial limitations, it was necessary to operate the seeders manually, 
rather than by remote control. There were not enough snow machines 
and personnel to meet all of the project field requirements if a variable 
time operational program were utilized. 
The seeding plan as of June 10, 1968 called for simultaneous 
seeding with silver iodide from two generators at moderately high 
altitudes (6000 feet - 7000 feet). Generators were to be installed at 
three sites, and the two which were to be used on any specific day were 
to be selected on the basis of current ll1eteorological conditions. 
Two seeders were ordered in July" 1968. However, the ll1anu-
facturer was unable to ll1eet his cOll1ll1itll1ent, and one seeder was finally 
delivered about the 1 st of JanuarYi 19694 Unfortunately, it would not 
operate with wind speeds ll1uch in excess of 25 ll1ph, which ll1ade it 
nearly useless for the Project. The order for the second seeder was 
cancelled. 
Meanwhile, neces sary ll1odifications of another generator already 
on hand was cOll1pleted. A second generator, which previously had been 
built by the Project, was also ll10dified and ll1ade operable. 
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Because of the delay in installation, and an early and snowy winter, 
the site selection was revised. The Brighall1 City East site, (7,100 feet), 
was retained and Blue Hill (6127 feet), was selected as an alternate. 
That is, seeding was to be froll1 either one or the other, but not fro:m 
both at the sall1e till1e. BrighaTI1 City East was the preferred site when 
it was reasonably accessible. 
"Seedable days" were to be seeded in accordance with randoll1ized 
blocks of four, each of which included two seed and two no-seed days. 
There was SOll1e departure froll1 this prograll1 in February, during Joint 
ExperiTI1ent No.1, in order to allow a properly coordinated effort. 
Seedable days began at 1500 hours, and were based on a U. S. 
We a th e r Bur e auf 0 r e cas t r e c e i ve d at 1 330 ho ur s by 1\11 r. M c Neill. In 
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order for a day to be classified as seedable, all of the following criteria 
had to be forecast: 
1. At least 6 hours of broken to overcast skies; cloud bases at or 
below 9, 000 feet MSL; cloud tops at or above 10, 000 feet MSL; and cloud 
thickness at least 2, 000 feet. 
2. A westerly component in the 700 mb wind direction. 
3. o 0 700 mb temperatures between -5 C and -25 C. 
There was to be a 24-hour buffer period after each seeding event. Buffer 
periods were classified as non-seedable periods. No such buffer period 
was provided for the unseeded seedable periods. 
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THE STATISTICAL DESIGN 
As previously indicated, the experimental plan called for seeding 
objectively defined "seedable periods" in randomized blocks of four. 
Seedable circumstances were to be synoptically stratified, and variations 
between target and control stations, and between seeded and unseeded 
events were to be submitted to both rational and statistical analysis .. 
By and large, the statistical analysis plan remained the same as 
the plan presented in the Final Report, June 1968. That is, non-
parametric tests were to be applied to differences between target and 
control stations and between seeded and unseeded events. However, 
the number of comparisons of interest has increased. 
For the sake of the convenience of expression, let each of the 
following letters have the indicated meaning .. 
A refers to precipitation amounts at any specific station. 
B refers to precipitation amounts at any other specific station. 
The subscript T indicate s that the data are from periods when 
the station is within the target area. 
The subscript C indicates that the data are from periods when 
the station is within the control area at the same time that the compared 
station is in the tar get area .. 
The subscript U indicates measurements for seedable periods 
when there was no seeding. 
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The subscript Ml indicates the mean precipitation for that 
station for the appropriate ITlonth. 
The subscript M Z indicates the mean precipitation for that 
station for the non-overlapping 6 hour periods of the unseeded storm.s 
of the s arne m.onth~ The following comparisons are contemplated: 
(1) .. (AT - B ) e vs (A - B ) u u 
AT AM 
(2) • 1 
Be 
vs 
BM 
1 
A A 
T M2 
(3) • 
Be 
vs 
BM 
2 
(4) • 
AT Be 
-- vs 
AM BM 
1 1 
(5) " 
AT Be 
AM 
vs 
BM 
2 2 
(6) " AT vs A U 
A A 
(7) s T U 
AM 
vs A 
1 Ml 
(8) • (A -T B T ) vs (AU - BU) 
AT A 
Ml 
(9) • 
BT 
vs 
B1,1 
1 
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AT AM 
(l 0). 2 
BT 
vs 
BM 
2 
( 11) • Ae vs A U 
A A 
(12) • e u A vs AM 
Ml 1 
Using this symbolic representation, each of the above comparisons 
shows potential for the identification and statistical testing of the effects 
of cloud seeding" 
The A versus B comparisons are to be made for each reasonable 
pair of stations. A target station under one set of meteorological 
circumstances will become a control station under other meteorological 
circumstance s" 
The purpose of the Ae versus AU comparisons is to test the 
validity of the control station designations. Dividing by AM ' AM ' 
1 2 
BM ' and BM respectively is an attempt to normalize values to 
1 2 
compensate for systematic influence s such as altitude, aspect, climatic 
paths, etc~ The comparisons, (AT - Be) vs (Au - BU) and 
(r'\.T - B T ) vs (AU - BU) are attempts to normalize the data in a 
different way. 
Sti11 other comparisons are possible and n'lay be examined.. It 
is likely that comparisons which are m.ost meaningful will depend upon 
the persistent characteristics in precipitation patterns and the num.ber 
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of eleITlents per sample for the various m.eteorological categories. The 
efficacy of SOITle of these comparisons will be deterITlined only by 
experience. Avoidable redundance in this list is a possibility and should 
be eliITlinated. 
It ITlust be recognized that very little can actually be done with 
respect to statistical cOITlparisons with this one year of seeding 
experience. The requireITlent for synoptic stratification reduces the 
nUITlber of eleITlents in any saITlple class, and during the FY68-69 
winter there were variations in procedures, both deliberate and 
inadvertent, that further cOITlplicated the probleITl of "hoITlogeneous II 
saITlpling. As previously indicated, the answer seeITlS to lie in seeding 
by reITlote control. 
The success of target and control cOITlparisons depends very 
ITluch on the success of efforts to norITlalize the data. It is understood 
that Dr. Paul Mielke, Colorado State University statistician, is not 
ITlaking target and control station cOITlparisons, at least as a standard 
part of his analytical procedures" Available cliITlatological data are 
inadequate for fully establishing the differences between the natural 
precipitation characteristics of each of pairs of stations .. 
An attempt is being ITlade to exploit the potential of the available 
data. Fortunately, by deliberate choice, many of the telemetering 
site s are at U" S .. Soil Conservation Service (SCS) snow survey site s, 
and n1.any of these have fairly long periods of record. These SCS data 
for the Experilnent Area have been punched and verified through 1963, 
and an effort will be made to correlate the records of selected pairs 
of stations .. 
As a first step in the selection of pairs for comparison, a table 
has been made which lists all of the snow course stations, with their 
altitudes, within 50 miles of each snow survey station. The plan is to 
draw all pairs from this table, for which the members are within 50 
miles of one another, and whose differences in altitudes are no greater 
than 500 feet. If the results are sufficiently promising, the allowable 
altitude differences may be extended to 1,000 feet. The problem is 
further complicated by the fact that there were extensive winter seeding 
activities in the area during the period from 1954 through 1964. 
Additional data from weighing gage re cords at semi - remote site s 
have also been punched and verified. These data are to be exploited 
for information concerning station to station relationships. 
There is also some problem in the selection of the statistical 
significance te sts. Since one cannot as sume a Gaus sian distribution, 
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the less powerful non-parametric tests must be used. The matter of 
whether the data within a sample are independent of one another has also 
been considered" Since target- control comparisons are for matched 
pair s within storm.s, one m.ust as sum.e a physical relationship between 
the m.embers of each pair. On the other hand, an assumption of internal 
independence may, under some circumstances, be valid. One can argue 
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that every weather condition and event is related to every previous 
and concurrent weather condition and event. Obviously, this relationship 
can get very, very rern.ote. It is considered desirable to investigate the 
length of tirn.e required before one can reasonably as surn.e statistical 
independence between succes sive weather events. 
Several statistical significance tests have been considered.. At 
one phase of the planning, the Mann-Whitney U test(3) was selected, 
but since the experirn.ental de sign has been changed somewhat, the 
usefulness of this test has become questionable. The assumption of 
independence prohibits the application of this te st to the tar get- control 
concept. It may be valid to apply this assumption to the comparisons 
between seeded and unseeded events at the same station. 
The Wilcoxon Matched-Pairs Signed-Ranks test(3) assumes that 
the sample s are related and so appears to be proper for the target-
control concept. Howeve r, this te st require s matched pair sand so is 
not applicable to the seeded-unseeded comparisons. 
The "Median Tests" as described by Ostle (4) seem to have promise 
for the seeded-unseeded events. This test is distribution free, but the 
independence problem needs further consideration. Independence is 
often subtly implied without direct recognition of the assumption" 
The sum of squared ranks test, used by Mielke, (5) may also be 
useful. In any event, several technique s will be employed in order to 
extract all pos sible evidence of the causal relation between cloud 
seeding and increased precipitation Oll 
Since valid statistical testing is so important as an evaluating 
tool, the selection of appropriate comparisons and statistical tests 
de serve s continuing attention. Consequently, it is hoped that there 
can be workshops which will involve Project professionals and invited 
statistical specialistso At these workshops, such factors as data 
reliability, meteorological independence, distribution symmetry, 
the functional forms of distributions, required sample size s, tar geting 
problems, meteorological stratification, and computer problems will 
be discus sed. The unique contributions and drawbacks of each 
comparison and of each te st will be defined., 
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RA TIONAL ANALYSIS 
Even before statistical testing, it is necessary to submit the data 
to a non- statistical rational analysis which attempts to explain the 
progress of observed events in terms of a reasonable progress of 
physical events* The resulting understanding is a requirement in order 
to provide a foundation for: 
1 ~ Meteorological stratification in evaluation. 
2~ The development of statistical hypotheses. 
3.. Generalization from these experiments" 
4.. Modifications of current procedures. 
5. Decisions concerning continuation or termination of 
appropriate procedure s. 
6. The usefulne ss of support data. 
7.. Precision requirements .. 
The search is for similarities and differences from event to 
event, always looking for conditions that change together.. Are such 
changes cause and effect, co-dependence, or coincidence? Could 
anomalies be the results of seeding? What other explanations could 
be offered? What tests can be employed to find out? 
A question that obviously n,.ust be faced is whether physical 
theorie s and conditions are compatible with statistical conclusions ~ 
If they are not, then physical theory, and the meteorological and 
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cloud seeding progression of events, as well as the statistical tests 
must be critically examined. Whichever is in error, the resulting 
understanding will be a contribution to weather modification technology. 
So far only two steps have been taken toward the accomplishment 
of rational analysis: 
1. Standard £ac simile charts and teletype data have been 
collected from Hill A ir Force Base. 
2. Cloud population and upper air climatology computer programs 
have been developed and applied. These are discussed under a separate 
section on "Support Studies. " 
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SEEDING OPERA TIONS 
The seeders were in operation for a total of about 100 hours during 
the 1968-69 winter as indicated in Table 1. 
Table 1: Statistics of Wasatch Weather Modification Project Seeder 
Operations, 1968-69 winter. 
Month Number of Total Time Purpose Seed ing Events Hours 
January 1 19 Checkout 
February 2 20 Testing Flow Rates 
6 53 Seeding Experiments 
March 1 8 Seeding Experiments 
Total 10 100 
The results of these seeding experiments have not yet been analyzed. 
However, some very useful experience was gained from these activities. 
1. Site characteristics are extremely important to logistics and 
20 
personnel scheduling for manual operations. The best sites scientifically 
may be the worst from the viewpoint of operation and maintenance. 
Manual operation of silver iodide generators at many isolated, moderate 
altitude locations along the Wasatch Front is difficult and somewhat 
hazardous. This is true even though the site may be less than a mile 
from the highway. It is very difficult to meet a schedule', and two snow 
vehicles (with road transportation), and two persons must be reserved 
for each generator to be manually operated at a time. Even though 
temperatures during periods of snowfall generally are not very low, the 
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wind chill factor may be extreme 1 making it necessary to provide shelter 
if an operator is to stay with the generator. Departures and expected 
return times should be filed with a responsible person, and arrangements 
should be made for a search crew if the operators do not return on 
schedule. 
The wind itself can be a hazard. Mr. McNeill was blown off his 
feet getting to the Brigham City East site. It must also be recognized 
tha t the path rna y be alternate ly snowy and rocky. Thus snow vehicle s 
are necessary, but need considerable repair and maintenance. 
2. The winds at 700 mb do not directly reflect the winds at the 
seeder sites. Sometimes they have been directly opposite. This means 
that either wind measurements must be made at the seeder sites, or a 
more consistent relationship between site winds and the rawinsonde 
values must be established. Mr. McNeill has suggested that requiring 
700 mb winds to be at least 4 In/s probably will eliminate most of this 
wind departure problem. 
A s a result of our FY68 -69 winter experiences, we feel quite 
strongl y that seed ing rnu st be ac C ompl ished by remote control in ord e r 
to turn the generators on and off on schedule. Remote seeding will also 
permit us to seed in accordance with the progress of seedable conditions, 
with only occasional modifications for logistic purposes. Thus, with an 
efficient remote control syst.ern, a variable time, 6 hour experimental 
tin1e unit becomes practicable. 
THE TELEMETERING PRECIPITATION 
MEASUREMENT - REPORTING SYSTEM 
As reported in the Introduction, the Wasatch Weather Modification 
Project was in autoll1atic operation before the end of FY68, operating 
unattended for as long as 56 consecutive hours. As ll1any as 34 out of 
3 8 station shad re sponded in a single inte rrogation- re spons e cycle, and 
24 stations were considered dependable froll1 the interrogation response 
viewpoint. 
The data indicated that there was an undesirable response to 
t ell1perature conditions and interference between the guides and the 
collection cans appeared to be interfering with the accuracy of the 
readout. New guides for the cans seell1ed to elill1inate most of the 
friction effect, and the temperature response had been reduced but 
not eliminated by changing the springs in the weighing transducers. 
On occasions, wind conditions were a problem, usually hindering the 
readout capability rather than causing the data to be inaccurate. This 
problem had not yet been solved. The progress, production, and 
problem of the telemetering system during FY69 are well described 
in two Project reports: "USU Telemetry Precipitation Gage Network," 
Israelsen and Griffin (April, 1969);,:~(6) "Telemetry System Modification 
2.2 
and 1968-69 Operation," Chadwick (to be published in July 1969).(7) 
Therefore, only a summary of the relevant events will be presented 
here. 
During FY69, all of the field stations s except the George Peak 
station, were modified for the purpose of eliminating the temperature 
response problem. The weighing transducers were installed in a well 
below the ground and changed from three- spring to one spring units. 
A preliminary examination of the FY69 data indicates that, in general, 
the temperature response problem has become negligible. However, 
this and other reliability problems are to be specifically investigated. 
Five stations were moved, and new sta tions were installed at 
Kelly Ranger Station, Wyoming, and Dayton, Idaho. The electronics 
were installed at Woodruff, Utah, and were reworked at several other 
stations. Because of early heavy snows, and delays caused by system 
modifications, the field work continued into the winter. This made 
field ca.libration much more difficult. The number o£ stations in 
operation at the end o£ each month is presented in Table 2. Borne of 
the se are multiparameter stations. 
Table 2: The number of USU telemetry precipitation measurement 
stations in ope ra.tion dur tng the 1968"" 69 Expel" imental 
Sea son. (7) 
Month Ending 
November 30 
December 31 
January 31 
February 28 
March 31 
Number of Stations 
Opel"_ating 
11 
16 
24 
28 
39 
23 
It is inte re sting to note that an ave rage of 38 stations pe r inter rogation 
cycle reported in March. This is particularly remarkable since only 
39 stations were in operation during this month. 
24 
During the period from January through April, the network 
reported a total of 27,451 data points. From the Chadwick report we 
see that 25, 064 data points resulted from about 600 hours of operation. 
This readout was a little faster than one data point for each 1 1/2 
minutes of operation, which is about 1/6 as fast as the highest ("rated") 
operating speed. Increasing the speed is considered desirable in order 
to provide more points for smoothing the data. This will, of course, 
increase battery requirements. 
The data from each week's operation were computer converted 
and printed in six copies. One copy was sent to the Chief of Snow 
Surveys, Soil Conservation Service, and one copy is filed as a record 
of transmitter utilization, as required by the FCC. The remainder 
is used as working copies by Prcject personnel. Figure 1 is a 
sample printout. With present Project capabilities, computer 
conversion and printouts could be supplied on a daily basis. The data 
for each station have also been converted and printed for the season in 
one sequence. 
In addition to the interrogation-response reliability, it is also 
necessary to establish the quality of the resulting meteorological data. 
Two approaches have been taken. 
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Figure 1: Sample Printout. Telemetering Precipitation Measurement 
Network Data. 
1. The data are being examined for reasonableness considering 
the continuity of the record, the concurrent records for other stations, 
and the reasonableness of reported amounts on the basis of climatology 
and prec ipita tion phys ic s. The electrical eng ine er us e s this record to 
" f 
(~ I 
recognize problems and deterioration in field operations. It is expected 
that the e lec tronic s eng ine er w ill anal yze the data printouts we ekl y 
during FY70 as a means of keeping current on the status of his equip-
ment and to establish priorities in his maintenance and repair schedules. 
2. Error analysis techniques based upon statistical theory have 
been applied by Dr. David White. A tentative rough draft of his report, 
"Preliminary Estimates of Instrumentation Reliability, Wasatch Weather 
Modification Project, ,,(8) was sent to the Bureau of Reclamation in 
April, 1969. Unfortunately, the Project has not been able to support 
Dr. White on a continuous basis, and he will not be able to finalize this 
report until he returns to the Project this fall. Even this report is 
only a beginning. Much more needs to be done on the definition and 
contributions of the various error sources and on the establishment 
of reliability factors for the data. Mr. Naresh Shah, who is a graduate 
student in statistics, has joined the Project. Although he has been hired 
primarily as a programmer, we hope to be able to make at least some 
use of his statistical capabilities. 
Figures 2 - 7 are graphs of the data from 6 stations during a storm 
of February 15 -17, 1969. Considering the scale, these curves are 
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Figure 4: Telemetering Precipitation Measurement Network Data. 
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The NCAR Counters were operated in both stationary and 
mobile modes., In the stationary mode, consecutive 10 minute average 
counts were made at a selected location for periods of at least 24-hourso 
In the mobile mode, five 2-minute averages were obtained at a 
selected location, whereupon Mr. Slusser moved to the next measure-
ment site. There were six stationary sites and 36 mobile stations, 
as indicated in Figure 8 .. o All counts were made at -20 C. 
The stationary mode was in operation for a total of 829 hours, 
giving 4,974 ten-minute readings, for 48 days. There were 915 
two-minute counts (excluding those made in the Salt Lake City and 
Ogden areas) made in the mobile mode on 18 dayso Data from 150 
hours of observations had to be discarded because of icing of the 
chamber and vacuum pump failure. Three days of mobile operation 
we re 10 st due to ele ctrical problems, including two blown fuse s. 
On three occasions, counts were made at the surface simultaneously 
with measurements aloft by EG&G, during Project Skywater Joint 
Experiment No. 1 in February. On one of these occasions, the 
measurements were in the Salt Lake City area.. Both of the other 
two were to the eastward of Brigham City. One was to get background 
characteristic s and the other was an attempt to obtain information on 
the silver iodide plume behavior. In addition, a set of surface counts 
were made in the Salt Lake City area simultaneously with measurements 
aloft by Atmospherics, Inc. The surface and airplane counts have not 
yet been comparedo 
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The procedures and the results of the Project's nuclei counting 
activities are to be reported more thoroughly in a special technical 
report to the Bureau of Reclamation a However, the following tentative 
information should be useful. 
1. Ground-level Counts in the Cache Valley. 
a. The background counts made by the stationary mode 
range d from. 0 to 2. 49 ice -forming nuclei/lite r of air .. 
b. Prelim.inary analysis suggests the possibility of a 
decrease in the number of background nuclei from December 
to February. The example s of Figure 9 are typical for their 
re spective months. 
c. At a given time, the variation in background count 
at a particular station seems to be greater than the variation 
in the mean amounts between stations (Figure 9). 
d. On only one occasion did the count at the stationary 
counter give marked indications of seeding activitie s. Seeding 
was effected from 1630 on 15 February to about 0800 on 
16 February, 1969, from the Blue Hill generator site (Figure 8). 
The generator was operated again for about 15 minute s at about 
1530 on 16 February. Just after 1800 on 16 February, the count 
at Hyde Park jumped from less than 0.1 nuclei/liter to 12 
nuclei/liter and then fluctuated rapidly between O. 1 nuclei/liter 
and 8 nuclei/liter until nearly 2400 (Figure 10). 
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A 1009 mb low pre s sure center, with a cold front 
extending to the south southwest, crossed the Cache Valley at 
about 0200 LST on February 16th.. This was followed by a 
developing ridge which pushed down from the north northeast, 
giving sea level pressures of about 1020 mb by 2000 LST on the 
same day. At 1700 LST on the 15th, the Salt Lake City Airport 
rawinsonde indicated a nearly isothermal layer from the surface 
(about 870 mb) to the 830 mb level, above which the air was in 
conditionally unstable equilibrium to the apparent base of the 
clouds (about 740 mb). The air within the clouds, which 
appeared to extend to about 530 mb, was in stable equilibrium. 
By 0500 LST on the 16th, the extremely stable layer 
had extended to the 750 mb level, with a superadiabatic lapse 
rate to 700 mbe By 1 700 LST on the 16th a superadiabatic 
lapse rate was reported for the first few hundred feet (10 mb)1 
after which the air was in stable equilibrium to the 838 mb 
level with conditionally unstable equilibrium above.. By 0500 
LST the next morning, an extreme inversion (6°C/I0 mb) had 
developed at the surface with stable equilibrium in the layer 
above. Salt Lake City surface winds we re light throughout this 
experimental period. 
The noteworthy events in this series appear to be the 
considerable lag of the disappearance of the stable conditions 
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at the surface behind the pas sage of the low pre s sure cente r, 
the temporary existence of superadiabatic lapse rates, and the 
early return of a strong surface inversion. One must, of course, 
question whether these conditions represent the trends within the 
Cache Valley., 
e. Under similar meteorological conditions, the background 
counts seem fairly constant from day to day. 
f. The number of background nuclei in super- cooled fog 
was between 0 and 0 .. 1 nuclei/liter .. 
g. On February 27th, readings ranging from 4 - 12 nuclei/ 
liter were general along the Western edge of the Cache Valley 
from Mendon north to at least Clarkston during the period from 
0800 to 2300 hours. Seeding was effected on the 27th from 0800 
to 1700 hours. Two sets of conditions associated with these 
acti vitie s are of spe cial inte re st. 
(1) According to reasonable criteria, this was not a 
seedable day. The seeding was accomplished to allow 
airplane plume tracking, since in general the airplane was 
not able to operate under logically seedable conditions. A 
comparison of the re suIts of this experiment with those from 
seeded "seedable days" emphasizes the importance of storm 
dynamics in effluent dispersion, and the danger of assigning 
the diffusion characteristics of non- seedable to seedable 
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days. In general, on seedable days, the effluent was not 
trapped in the Cache Valley, but it apparently was on the 27th, 
the unseedable day .. 
(2) On this morning the Cache Valley floor was covered 
with a dense super-cooled fog, with the visibility estimated 
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to be, in general, less than 50 feet. There was no fog where 
the ice -forming nuclei count was high.. The fog in the valley 
appeared to extend to above the level at which the high counts 
were observed. The ice -forming nuclei counts within the fog 
were very low. One cannot be certain that the fog would have 
been continuous to the high count locations if the counts there 
had been low also" However, since dense fogs are common to 
the Cache Valley during part of the winter, these results 
suggest the possibility of using digressions in fog patterns 
for guidance in plume tracing, They also sugge st that the se 
fogs are, as suspected, supercooled and susceptible to 
modification by seeding .. 
On February 27th the Cache Valley was under the 
influence of a ridge of high pressure. According to the Salt 
Lake City rawinsonde at 0500 LST, a surface inversion existed 
from the surface (about 870 mb) to about 840 mb" followed by 
conditionally unstable equilibrium to about 750 mb, with stable 
equilibrium above., By 1700 LST, a superadiabatic lapse rate 
was in existence at the surface, with an alm.ost saturation 
adiabatic lapse rate to about 720 m.b, followed by an 
inversion which was about 20 m.b thick. Salt Lake City 
surface winds were light* The persisting nearly stable 
equilibrium. below 700 m.b m.ay have been responsible for the 
trapping of the effluent. 
2. Ground-level Counts in the Salt Lake City and Ogden Areas a 
These are all background counts, and all are daytim.e valuese 
a. On 12 February 5 - 10 nuclei/liter were recorded 
around the copper sm.elters (Figure 11)" and only O. 1 - 2 
nuclei/liter were recorded on the 21st of March for the sam.e 
locations. Wind velocities were com.patible with these m.easure-
m.ents. 
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b. On 12 February counts as high as 350/liter were recorded 
near Kaysville at what appeared to be the top of the haze layer 
(Figure 11). 
On the afternoon of February 12th, Utah was between two 
weak, relatively weatherless fronts. The 1700 LST Salt Lake City 
Airport rawinsonde indicated an inversion (3 0 C/10 m.b) in the 
surface layer, above which the air was in conditionally unstable 
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Figure 11: Ice-Forrning Nuclei Counts. Salt Lake City Area. February 12, 1969. 
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equilibrium.. The top of the surface inversion is estim.ated to be 
less than 300 feet above the ground" The low level winds were 
from. the south southwest at about 10 knots. It is not at all clear 
that the high nuclei count was a result of sm.elter operation. 
The effluent appeared to com.e down to the ground and then drift 
across the Great Salt Lake where it becam.e too thin to observer 
c. Readings were m.ade in the Ogden area on two occasions. 
On these occasions, the counts ranged from 2.12 to 4 .. 24 nuclei/ 
liter respectively. The readings from. different locations in the 
area on the sam.e day varied by no m.ore than 0.2 nuclei/liter .. 
Precipitation Chem.istry 
Three phases of activities relevant to the determ.ination of the 
silver content of precipitation water have been under investigation: 
the effectiveness of colorimetric techniques for determ.ining the silver 
content of precipitation water; im.provem.ent of the operational 
capabilitie s for using an atomic absorption spectrophotom.eter for 
the determ.ination of the silver content of precipitation water; and 
the adsorption of the silver in precipitation water by the container 
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1.. ColoriITletric Technique s. In the June 1968 report, it was 
announced that, using the Tag ITlethod, Dr .. Millar had reached a 
. " flO -11 '1 / 1 f senSItIVIty 0 gITl S1 ver ITl 0 water. Howeve r, he had not yet 
been able to reach a suitable level of reproducibility. As explained 
in previous reports" by the Tag ITlethod, a strip of paper is dyed, 
using P-diITlethylaITlinobenzylidene rhodanine. The dyed strip is 
placed in precipitation water and the change in color is a function 
of the aITlount of silver cOITling in contact with the strip. Dr. Millar 
inve stigated a nUITlber of factor s which he felt ITlight affect the 
sensitivity and/or repeatability of this technique. 
a. The age of the Tags after production and drying. 
b. The influence s of teITlperature and light. 
c. The influences of reducing gases on the activity of the 
rhodanine compound in a selected solid. 
d. The effects of multiple rhodanine Tag treatITlents" 
e. The effects of various acids in the solutions. 
f.. The effects of variations in air velocity on the drying 
Tags .. 
g. The influence of various Tag drying ITlethods. 
52 
h. Adsorption on container walls .. 
i. The effects of tiITle under various conditions on the 
solubility of the silver rhodanate. 
j. Various materials as stable standards for spectrophotometer 
readings. 
k. The duration of the Tag exposure time. 
Ie The influence of silver reaction time. 
m. The effects of the pH of the solutions. 
n. The effects of variations in the types of chromatograph 
papers. 
o. The usefulne s s of ultraviolet light. 
p.. Capillarity as a ITleans of uniformly preparing Tags .. 
q. Wave lengths and the color of silver rhodanate. 
r. Tag fractionation. 
Dr. Millar believes that he can now reliably measure the 
concentrations of silver in precipitation water to dilutions as low as 
-10 1 0 gm s i1 ve r / ml w a te r • 
2. Atomic Absorption Spectrophotometer Techniques. Only a 
very small portion of the Project I s efforts went to this phase during 
FY69~ Professor Fletcher has reported the following results from 
his inve stigations of the potential of using ethyl propionate and ethyl 
butrate as solvents for phenylthiocarbozone (dithizone)p for use with 
the atomic absorption spectrophotometer. With a single slot pre-mix 
b d h DC R 1 d o 0 0 f 1 0 - 12 01 / 1 urner, an t e ~ rea out~ a sens1tIvlty 0 glll S1 ver III 
water seelllS readily attainable.. Using a 3- slot burner with the "boat" 
attachlllent should improve re sults but this needs te sting. 
3" Adsorption on Container Walls. Containers lllade of glass 
linear polyethylene, polypropylene, and alllorphous polyethylene were 
investigated. It was deterlllined that, for Wasatch Weather Modification 
Project procedures, aITlorphous polyethylene is the best material and 
polypropylene is nearly as good.. However, lllore cOlllplete testing 
at low concentrations is necessary. 
Radar 
Because of financial limitations, the Project's lllodified 3-Clll 
radar was operated only during Project Skywater Joint Experilllent 
No.1, in February. The precipitation echoes from these activities 
have not yet been studied.. Table 3 gives the unit characteristics of 
both the Project's radar and a 3~Clll radar owned by the Office of 
Atm.ospheric Water Resources (OAWR) of the Uo S. Bureau of 
ReclaITlation .. 
Receiver Sensitivity 
Transm.itted Power 
Transmitted Pulse 
Repetition Frequency 
Wasatch Weather 
Modification Project radar 
~ 117 .. 5 db 
54 db 
up to J 000 pulse s / sec 
OAWR radar 
-104 db 
47 db 
290 pulses/sec 
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The OAWR 3-cITl radar unit was operated in the Experimental 
Area during alITlost the entire month of FebruarYe This operation 
will be discussed under a separate section on Project Skywater 
Joint Experiment No .. 1 e 
Rawinsonde 
A mobile, manual-tracking rawinsonde unit was received about 
the 1st of February, 1969 .. Eight flights were ITlade during Joint 
Experiment No" 1 and one flight was made in March" A computer 
program for reducing flight data to meteorological data has been 
written~ but it needs further debugging.. A cursory inspection 
indicates that the Project's rawinsonde operates satisfactorilYa 
In June, a special experiITlent was undertaken at the Mercury 
Test Site, near Las Vegas, Nevada. In an effort to check the 
capabilities of the Project's rawinsonde, an M-33 radar~ and a 6 MD 
rawinsonde unit all tracked and received reports from the same 
transponder. These data have been processed, but the necessary 
comparisons have not yet been ITlade. This te st is vital to Wasatch 
Weather Modification activities, but it was funded by ESSA .. 
Surface Meteorological Support 
Measurements 
NCAR Wind Units and Hygrotherm.ographs.. Ten recording wind 
units and four hygrotherrnographs were received on loan, late in 
October from NC.AR.. Equipment modification for battery operation, 
54 
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early competition for snow vehicles and personnel because of an 
early winter, and financial limitations curtailed activities considerable .. 
Even so, considerable data were accumulated. Station locations are 
indicated on Figure 12. 
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SUPPOR T STUDIES 
The analysis of the experimental data has only begun, but studies 
have been undertaken which will provide information which is useful both 
to operational decisions and to the analysis. 
Dependence of Precipitation Rates on the 
Time Position within Storms 
It can be expected that i.t will not be possible to always seed at 
exactly the same time position within a storm, such as the first 6 hours, 
or the 6-hour period beginning 3 hours after the beginning of the storm, 
etc. It is therefore highly desirable to obtain estimates of the natural 
progress of precipitation rates within storms. A complete program 
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was written and executed which applied the non-parametric, Friedman two-
way analysis of variance by ranks test to non-overlapping 1, 2, 3, and 6 
hour periods, beginning with the first hour of measurable precipitation. 
The program was applied for each month, from November through April, 
to ten years of data each for Silver Lake Brighton, Echo Darn, and Logan 
USU. At first, the application was restricted to the first 12 hours of 
storms which lasted at least 24 hours~ However, there was not enough 
24 hour storms, so the r e stric tion was relaxed to inc lude all storms 
which lasted at least 12 hours. This investigation is reported in the first 
edition of WMA,(lO) which is the new official publication of the Weather 
Modification Association, in March 1969. It was also presented at the 
50th Annual Meeting of the American Geophysical Union, Washington, 
D. C., April 24, 196ge 
Briefly, the Friedman test did not support any assurnption that 
there is a trend in precipitation rates within 12-hour storms. On the 
other hand, some of the graphic evidence suggested that the Friedrnan 
test rnay not be adequate in this particular case. There is also a 
suspicion that rneteorological stratification into perhaps two categories 
rnight have resulted in statistical significance for one of these two 
categories. 
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Another factor that has not yet been faced, but rnust be in the 
analysis of our precipitation histories, is the seeding activities that 
were going on in Utah during part of this ten year period. This seeding 
was accornplished prirnarily, but not entirely, by North Arnerican 
Weather Consultants, and an atternpt is being rnade to learn enough about 
these seeding activities to allow selection of valid natural periods. 
Diurnal Variations in Precipitation Rates 
A rnajor consideration in Grant's selection of the fixed-tirne 24-
hour expe rirnental tirne -unit was the existenc e of a diurnal trend in 
precipitation over his experirnental area~ If a sirnilar natural trend 
exists over the Wasatch Mountains, it rnust also be taken into account. 
Consequently, a cornputer prograrn designed to provide inforrnation on 
the diurnal variation of total precipitation, the frequency of precipitation, 
and on precipitation rates V{as written and applied to 10 years of data each 
for Silver Lake Brighton, Logan USU, and Echo Dam. Figures 13 
through 19 are sample outputs from this program. Mr. Slusser wrote 
an additional program to apply the non-parametric Friedman two-way 
analysis of variance by ranks test in order to obtain an estimate of the 
frequency with which the observed differences would occur if there 
actually were no diurnal tendency. Figure 20 is a sample printout from 
this program. A detailed analysis of these tables, graphs, and signifi-
cance tests has not yet been made but is of early priority for FY70. A 
cursory inspection suggests that the results of the Friedman test do not 
justify assuming a diurnal trend, except perhaps for Logan USU. 
Tentatively, it is assumed that if indeed there is a diurnal trend at all,. 
it is not of sufficient statistical importance to require a 24-hour experi-
mental time unit. 
Again, the results may have been affected by seeding activities, 
and an attempt is being made to include this factor in the analysis. It 
may be necessary to resort to a different period of time. 
Measurement Capacity Requirements for 
Precipitation in the Wasatch Mountains 
This study was discussed briefly on pages 63 to 66 of the June, 
1968 Final Report. The percent cumulative frequency distributions) 
medians, and means have been computed for six stations with mean 
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sea level altitudes ranging from 4775 feet to 8760 feet. For each station~ 
these calculations were made for all possible combinations of successive 
VARIATIONS IN 
DIURNAL EFFECT OF HOURLY PRECIPITATION 
SILVER LAKE BRIGHTON DECaMBER 1956 THROUGH 1965 
SE PT EMBER 30, 1968 
2 3 
TOTAL PRECIPITATION 1.00 1.00 1.11 
NUMBER OF OCCURRENCES 29 31 29 
AVERAGE I NTENS I TY 0.034 0.032 0.038 
PER STORM 
13 14 15 
TOTAL PREC I P ITAT ION 1.06 1.04 1.32 
NUMBER OF OCCURRENCES 35 38 36 
AVERAGE INTENSITY 0.030 0.027 0.037 
PER STORM 
HOUR OF THE DAY 
4 5 6 7 
0.90 1.24 1 .28 1. 11 
33 38 39 31 
0.027 0.033 0.033 0.038 
HOUR OF THE DAY 
16 17 18 19 
1 .21 1.04 1. 35 1.46 
33 34 39 34 
0.037 0.031 0.035 0.043 
Fi'~lll'<' I,) Sample Printout. Diurnal Vanations in Hourly Prf'cipitation. 
(10 Year Totals, Frf'qUc'ncil':5, and A\'f'rage Intcnsitit,s 
lUI' all Prl'l'ipll<\tlun Penods. ) 
8 9 10 11 12 
1 .32 1.27 1 .14 0.94 0.74 
25 29 30 28 23 
0.053 0.044 0.038 0.034 0.032 
20 21 22 23 24 
1.31 1.24 1.39 1.28 1.14 
39 34 36 39 32 
0.034 0.036 0.039 0.033 0.036 
VARIATIONS IN 
DIURNAL EFFECT OF HOURLY PRECIPITATION 
SILVER LAKE BRIGHTON DEC8v1BER 1956 THROUGH 1965 
SEPTEMBER 30, 1968 
SUMMATION OF PRECIPITATION THAT FELL IN EACH HOUR 
MINIMUM HORIZONTAL UNITti 0.740 MAXIMUM HORIZONTAL UNIT# 1.460 
SCALE INCH if 0.060 UNITS 
1.00 
2 
3 
4 
-=--------------------------________________ ~1~.24 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
----------------------------------_____________________ 11 •• 06 
1. 
1.04 
Vll~U1"l' 1-1- Sample Printout. ~Ji\!rnal Variations in Hourly Prc-cipitation_ 
(Gt-,11'h of III Year Tutals_) 
-----------
1.32 
1.35 
1----- ----
VARIATIONS IN 
DIURNAL EFFECT OF HOURLY PRECIPITATION 
SILVER LAKE BR I GHTON DECEMBER 1956 THROUGH 1965 
SEPTEMBER 30 I 1 968 
SUMMATION OF PRECIPITATION THAT FELL IN EACH HOUR 
PCT CUM 
PCPTN FREQ PCT FREQ CUM FREQ 
O. 74 4.2 24 
0.90 4.2 23 
0.94 4.2 22 
1 .00 2 8.3 21 
1 .04 2 8.3 19 
1 .06 4.2 1 7 
1 • 1 1 1 4.2 16 
1 • 1 4 2 8.3 1 5 
1 .18 4.2 13 
1 .22 1 4.2 1 2 
1 .25 2 8.3 1 1 
1 .28 1 4.2 9 
1 .29 2 8.3 8 
1 .32 1 4.2 6 
1 .33 2 8.3 5 
1 .36 4.2 3 
1.40 4.2 2 
1.47 4.2 
THE AVERAGE IS 1 .1 6 
THE ADJUSTED MED IAN IS 1 .1 9 
THE ADJ U STED MED I AN IS THE AVERAGE OF THE TWO CENTER POINTS 
Figure 15: Sample Printout. Diurnal Variation in Hourly Precipitation. 
(Percent Cumulative Frequency Distribtuions of 10 
Year Totals. ) 
FREQ 
100.0 
95.8 
91.7 
87.5 
79.2 
70.8 
66.7 
62.5 
54.2 
50.0 
45.8 
37.5 
33.3 
25.0 
20.8 
12.5 
6.3 
4.2 
VARIATIONS IN 
DIURNAL EFFECT OF HOURLY PRECIPITATION 
SILVER LAKE BRIGHTON DECBMBER 1956 THROUGH 1965 
SEPTEMBER 30. 1968 
SUMMATION OF THE NUMBER OF OCCURRENCES DURING EACH HOUR 
MINIMUM HORIZONTAL UNIT# 23.000 MAXIMUM HORIZONTAL UNIT# 
SCALE INCH # 1.333 UNITS 
29. 
3 
4 
5 
6 
31. 
7 
25. 
8 
9 
10 
11 
23. 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
39.000 
32. 
Figure 16· Silrnple Printout. Diurnal Variations in Hourly Precipitation. 
(Graph of 10 Year Frequencies of Occurrence.) 
35. 
39. 
34. 
39. 
34. 
VARIATIONS IN 
DIURNAL EFFECT OF HOURLY PRECIPITATION 
S I L VER LAKE BR I GHTON DECEMBER 1956 THROUGH 1 965 
SEPTEMBER 30, 1968 
SUMMAT ION OF THE NUMBER OF OCCURRENCES DUR ING EACH HOUR 
PCT CUM 
PCPTN FREQ PCT FREQ CUM FREQ FREQ 
23.00 4.2 24 1 00.0 
25.00 4.2 23 95.8 
28.00 1 4.2 22 91 .7 
29.00 3 1 2.5 21 87.5 
30.00 4.2 1 8 75.0 
31.00 2 8.3 1 7 70.8 
32.00 1 4.2 1 5 62.5 
33.00 2 8.3 1 4 58.3 
34.00 3 12.5 1 2 50.0 
35.00 4.2 9 37.5 
36.00 2 8.3 8 33.3 
38.00 2. 8.3 6 25.0 
39.00 4 16.7 4 16.7 
THE AVERAGE IS 33.08 
THE ADJUSTED MEDIAN IS 33.50 
THE ADJ UST ED M ED IAN IS THE AVERAGE OF THE TWO CENTER PO I NTS 
Figure 17: Sample Printout. Diurnal Variations in Hourly Precipitation. 
(Precent Cumulative Frequency Distributions of 10 Year 
Frequencies of Occurrence.) 
VARIATIONS IN 
DIURNAL EFFEcT SF HOURLY PRECIPITATION 
SILVER LAKE BRIGHTON DECEMBER 1956 THROUGH 1965 
SEPTEMBER 30, 1968 
AVERAGE INTENSITY FOR EACH HOUR 
MI N IMUM HORI ZOI'HAL UNI TIl 0.027 MAXIMUM HORI ZONTAL UN IT# 0.053 
SCALE INCH 0.002 UN ITS 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
I 
I 
I 
1 
I 
10.027 
I 
I 
I 
0.03~ 
0.038 
0.037 
0.034 
Figurc 10: Sample Printout. Diurnal Variations in Hourly Precipitation. 
(Graph of 10 Year Average Intensities for All Precipitation 
Periods. ) 
0.044 
0.043 
0.053 
VARIATIONS IN 
DIURNAL EFFECT OF HOURLY PRECIPITATION 
SILVER LAKE BRIGHTON DECBMBER 1956 THROUGH 1965 
SEPTEMBER 30, 1968 
AVERAGE INTENSITY FOR EACH HOUR 
PCPTN FREQ peT FREQ CUM FREQ 
0.03 2 8.3 24 
0.04 1 9 79.2 22 
0.05 2 8.3 3 
0.06 4.2 
THE AVERAGE IS 0.04 
THE ADJU 5 TED MED IAN IS 0.03 
THE ADJUSTED MEDIAN IS TH E AVERAGE OF TH E TWO C ENTER POI NTS 
FRCQ 
100.0 
91 .7 
12.5 
4.2 
Figure 19: Sample Printout. Diurnal Variations in Hourly Precipitu~lun. 
(Percent Cumulative Frequency Distributions of 10 Year 
Average Intensities for All Precipitation Periods.) 
HOURLY STORM TOTALS FOR NOV. SILVER LA~E BRIGHTON PRECIPITATION (HUNDRETHS OF AN INCH) 8111/69 
2 3 4 5 6 7 8 Cj 10 11 1 2. 13 14 15 16 17 18 19 20 21 22 23 24 
HOURLY PRECIPITATION AMOUNTS 
5UM5= 106 1 15 120 1 18 76 78 '39 121 131 129 117 103 94 85 108 156 120 98 65 82 74 84 81 90 
AV/YR= 10.6 11.6 12.0 11.8 7.6 7.8 9.9 12.1 1 "3.1 12.9 11.7 10.3 9.4 8.5 10.8 15.6 12.0 9.8 6.5 8.2 7.4 8.4 8.1 9.0 
RANKS= 12 .. 8 13. rJ 14.1 14.4 8.8 9.4 12.2 16.3 16.3 14.7 13.6 12.1 11.3 11.4 13.6 16.8 14.5 11.4 9.4 10.7 10.6 11.3 9.3 11.3 
FQIEDMAN STATISTIC = 24.4790 DEGREES OF FREEDOM = 23 
HOURLY FREQUENCY OF PRECIPITATION 
SUMS= 26. 2'3. 31. 31. 28. 2 G. 33. 35. 34. "36. 34. 31. 29. 29. B. 27. 27. Z7. 22. 24. 23. 24. 25. 27. 
AV/YR= Z.6 2.t} 3.1 3.1 2.8 2eG 3.3 3.5 3.4 3.6 3.4 3.1 2.9 2.9 3.3 Z.7 2.7 2.7 2.2 2.4 2.3 2.4 2.5 2.7 
RANK5= 10.5 12.0 13.7 14.6 11.7 10.4 14.1 11.2 16.2 17.n 14.3 11.8 12.3 12.8 15.3 12.6 12.4 11.8 8.8 9.8 q.7 10.0 9.1 1 1.3 
FRIEDMAN STATISTIC = 26.6320 DEGREES OF FREEDOM = 23 
SIX HOUR PRECIPITATION AMOUNTS 
SUMS= 614.0 700.0 661.0 476.0 
AV/YR= 61.4 70.0 66.1 47.6 
RANKS= 2.5 2.7 2.9 1 .:8 
FRIEDMAN STATISTIC = "3.9900 DEGREES OF FREEDOM = 3 
THREE HOUR PRECIPITATION A~OUNTS 
SUMS= 342.0 272.0 351.0 349.0 287.0 371.4 .::1 221.0 2 S5.0 
AV/YR= 34.2 27.2 35.1 34.9 28.7 37.1.4 22 .1 25.5 
RANK5= 4.8 3. B 5.1.4 4.5 1.4.4 5.4 3.1.4 1.4 .1 
FRIEDMAN STATISTIC = 5.7167 DEGREES OF FREEDOM = 1 
TWO HOUR PRECIPITATION AMOUNTS 
SUMS= Z22.O 238.0 154.0 220.0 260.0 220.0 119.0 264.0 218.0 147.0 158.0 171.0 
A V I YR = 22.2 23.8 15.4 22. ~ 26.0 22.0 17.9 26.4 21.8 14.7 15.8 17.1 
RANK5= 65.0 73.0 48.0 74 .5 82.5 63.0 61.5 81.0 66.0 50.5 58.0 51.0 
FRIEDMAN STATISTIC = 10.3538 DEGREES Of FREEDOM = 11 
HOURLY PRECIPITATION RATES DURING PRECIPITATION PEqIODS 
AV/PER. 4.1 4.0 3.9 3.8 2.1 3.0 3.0 3.5 ~. 9 3.6 3.4 3.3 3.2 2.c) 3.3 5.8 4.4 3.6 3.0 3.4 3.2 3.5 3.2 3. "3 
PANK5= 1 3.7 11.0 13.3 1l • 1 8.4 3.5 9. J 12.9 13.0 11.4.9 13.8 13.5 15.3 15.4 16.1 16.8 13.3 13.4 10.2 10.1 10.0 10.6 10.1 12.5 
FRIEDMAN STATI~TIC = 24.2Q6o QEGREES OF FRE[OOM = 23 
Figure 20: Sample Printout. Friedman Analysis of Variance by Ranks Test. 
WASATCH WEA THER MODIFICA TION PROJECT 
DAILY PRECIPITA TION ( IN INCHES) THA T OCCURRED ON THE 
SAME DAY FOR AT LEAST ONE OF THESE STATIONS 
ECHO DAM 
LOGAN USU 
SILVER LAKE BRIGHTON 
DATE ECHO DAM LOGAN USU SILVER LAKE 
BRIGHTON 
56 1 10 1 >::: ::::: ~::: ::::: 05 ::;:::::::;;::::::' 08 
56 1 1 03 ::::::;;::::;;::::::' 0 1 .. 1 ..... 1 .... 1 ...... 1 .... 07 ... , .... 1' ... " ....... .. 
56 1 1 04 ::;::::::::;;:::;;:' 3 1 ::;:::;;;:::::::::::;::: 28 
561 1 05 :::::: ::;::: ;;:::: ~:::: 03 :::::::::.::::::::::::::: 07 
56 1 1 06 ::;:::::::::::;:::::::: 04 
56 1 1 13 ::::::::;:::::::::::;::: 1 5 
Sb 1 1 14 .. 1 ..... 1 ..... 1 ...... .1 .. 15 '" "'I~ ',' "'I''' 52 
56 1 1 16 ::;:::::::::::::::::::: 05 
56 1 1 1 7 ::::::::;:::::::::::;::: 04 ... 1 ..... 1 ..... 1 ..... 1 ... 39 
561204 :::~ :::::: :::::: ::;::: 1 5 
56 1205 ::;:::::::::::;::::::::: 98 
56 1206 ::::::::;::::::::::::::: 75 ::::::::::::::::::::;::: 85 .. ' ..... 1 ............. 1 ... 97 ........ 1 ...... ' ....... ' .. 
56 1207 .. .1 ...... 1 ..... 1 ...... 1 ... 05 ... 1" .... 1' ..... , ..... , ... 
56 12 10 ::;:::::;::::::::::::::: 06 d ...... 1 ..... 1 ..... 1..- 33 
56 12 1 1 ::;::::::::::::::::::::: 64 ':<':<':<':< 1 65 
56 12 12 ::::::::::::::::::::;::: 0 1 ::;::::::::::::::::::::: 1 6 
56 12 13 ::;::: ::;::: :::::: ::~::: 39 :::::::::::::::::::::::: 65 
56 12 14 ::;:::::::::::;:::::;::: 5q ... 1 ..... ' ..... 1 ...... 1 ... 1 0 
56 12 15 .. 1 ...... 1 ..... 1 ..... ' ... 02 
56 12 16 ::;:::::::::::;::::::::: 03 ... 1 .... ..1 ................. 18 ........ , .............. 
56 122 1 :::::::::::::::::::::::: 05 ::;:::::::::::::::::;::: 06 
56 1224 ::::::::::::::;:::::;::: 05 ::;::: :::::: ~:::: ~:~ 10 
570 103 ~! ... d ....... ' ...... ' ... 01 ~:~ ~:~ ~:~ ~:~ 07 ::::~ :::::: :::::: ~::: 22 
5701 04 ~:::: ::::::: ~:~ ::::~ 04 ... 1 ....... 1 ....... 1 ...... 1 .... 1 0 ~:::: ~::: :::;:: :::;:: 29 ',' ",,,, ~,,, '," 
5701 05 ~::: :::~ ):::: ~::: 04 ~::: :::::: ::::~ :::::: 12 
5701 06 .. 1 ... ..t ...... ' ....... 1 ... 03 
5701 07 ::::: :::::: :::~ ::::~ 08 
570 108 ::::~ ~:::: ~:, ::::::: 23 ::::::: ::::' :::::: ~:, 72 
5701 09 ... 1 ..... 1 ..... 1 ..... ' ... 35 .. 1 ..... ' ...... 1 .... ,1 .... 1 8 
570 1 13 ... 1 ...... 1 ..... 1 ..... 1 ... 12 ~:::: :::::: :-;::: :::::: 53 :::;::: ;:::: ::::: ~:::: 1 50 
5701 14 ::::.::::::::::::::::::::::: 02 .... 1 ....... ' ...... 1 ..... .1 ... 09 ..1 ..... 1 ....... ' ..... 1 .. 28 "',"" "',' ... , .... ~,. .. 
5701 15 ... 1 .... 1 ...... 1 ...... 1 ... 05 .. I ..... I .... ~I ... ~I ... 05 ~, .. ',' ~,'" ~, . 20 
5701 1 6 .. 1 ..... ' ..... 1 ...... 1 ... 1 3 
570120 .. 1 ..... 1 ...... 1 ..... 1 ... 58 ..I ..... I .. ~I ... .. I ... 85 
57012 1 .. ' ..... 1 ...... 1 ..... 1 ... 20 :::::: ~:::: :::::: :::::: 40 
570123 ......... 1 .... 1 ........ 1 ... 05 :::::::::::::::::::::::: 25 
570 124 ::;::: :::::: ~:::: :::::: 08 :::::::::::::::::::::::: 1 1 ... 1 ...... 1 ..... 1 .... 1 ... 47 
570125 .. ' ..... 1 ..... ' ...... 1 ... 03 
570 126 ::::::::::::::::::::::: 07 ... 1 ...... 1 ...... 1 ...... 1 ... 30 
570127 ::::::: ::::~ ::::: :::~ 1 5 
570 128 ;:~ ::::::: ::::::: :::~ 1 0 
570 1 30 :::;::::::::::::::::::;::: 07 
Figure 22: Sample Printout. Daily Precipitation (Inches). Echo Dam, 
Logan USU, Silver Lake Brighton. 
WASATCH WEATHER MODIFICATION PROJECT DA TE 06026'3 PAGE 18 
RADIOSONDE DATA DURING STORMS 
SILVER LAKE BRIGHTON 
NOVEMBER 1957·1965 
700 M .B. LEVEL 
AVERAGE HEIGHT 3023 METERS 
NUMBER OF CALM READINGS 0 
CONTINGENCY TAB~E 
WINO WI NO SPEED 
OIR '''''5 EC I 
DEG 1- 3 If -6 7- 9 10-12 13-15 16-18 19-21 22- 24 25-27 28-30 31-33 34-36 )36 SUM PCT 
0 0 .0 
1 1 1 .1 
2 0 .0 
3 0 .0 
.. 0 .0 
5 0 .0 
6 0 .Q 
7 0 .0 
8 0 .0 
9 1 1.1 
10 0 .0 
11 0 .0 
12 0 .0 
13 0 .0 
III 0 .0 
IS 2 2.2 
16 1 1.1 
17 I 1.1 
18 I f> 6.5 19 1 4 4.J 
20 I 2 2.2 
21 2 6 6.5 
22 If 7 7.6 
23 1 1.1 
211 1 I 3 3.3 
25 5 I 7 7.6 
26 1 1 2 2 7 1.6 
27 2 1 2 4 '3 9.8 
28 2 2 I 5 5.4 
29 1 I 2 2 6 6.5 
30 1 2 1 2 8 8.7 
11 2 1 I 2 7 7.6 
32 1 2 1 5 5.4 
3J 2 2.2 
34 0 .0 
35 1 1 .1 
SU'" 5 14 17 1'3 17 11 6 2 1 0 0 0 0 
CUM SUM 5 1'3 36 55 72 83 89 91 '32 92 92 92 92 
PC T SUM 5. IS. 18. 21. 18. 12. 7. 2. 1 • O. O. O. O. 
p.C.F. 5. 21. 3'3. 60. 78. 90. 97. 9'3. 100. 100. 100. 100. 100. 
K ROB= 92 
Figure 2\ S<lmplc Printout. Wind Speed Versus Wind Direction at 
Selel'lcct St<lndarct Pressure Leu,ls, 
lllore effective table, as well as inforlllation for the respective levels. 
Prelilllinary SUllllllaries have been lllade, but the data have not yet been 
analyzed and interpreted. 
A second wind contingency table was generated in the lllanner of 
the printout of Figure 24. The cOlllparison of 850 mb and 700 mb wind 
conditions was especially desirable, since experience indicated that the 
surface winds were sometillles opposite to 700 lllb winds during seeding 
operations, and 700 mb winds have been a seeding decision criterion. 
The data from this set of tables have not yet been analyzed. 
Cloud Populations 
1. Storm temperatures aloft. A telllperature frequency table at 
50 Il1b increlllents froIl1 the 850 Il1b to the 500 lllb level, was generated 
each for Silver Lake Brighton, Logan USU, and Echo DaIl1 storIl1S 
(Figure 25). The purpose of this little study was to deterIl1ine the 
cOlllpatibility of teIl1peratures to cloud seeding by silver iodide. These 
lllay be followed by a set of contingency tables Il1atching wind directions 
and teIl1peratures, since only the telllperatures when wind conditions 
are suitable for seeding are iIl1portant to the Project. The tables have 
not been thoroughly analyzed, but the following preliIl1inary inforIl1ation 
on 700 lllb teIl1peratures for Silver Lake Brighton storlllS is interesting. 
73 
\I~SATP.f Wr~THEp. ~0~[>I~ATIOro P~OJCCT 
CONTINGENrv T~9LE (wINn ~P~[D VS rIQ~rTrO~1 
L()G~N USU 
NO'J[ M'l E q 1 q 5 7 • 1'~'" 
Aor MQ LEVEL VS 7~~ ~? LEv~l 
WIND SPEE[J<; ('1ETFP';/s[r) 1= ']-3. 2-= 4- 7. ~ - 11-15. 11= GREATE~ THA N 15 
7n(1 Mq 
OIR SPD 
NNE 2- '-I 1 
2 
3 
4 
E'lE <;-7 1 
2 
3 
E q-1Q 
ESE I1-B 
SSE 14-16 
S 
4 
17-1 q 1 
2 
3 
SSW 7n-72 
4 
WSW 73- 75 1 
2 
4 
21;-7~ 1 
2 
WNW 2q-~1 
4 
NNW 3?-'t4 1 
N 'tr;- 1 
? 
3 
~i N E 
7- 4 
., 3 4 1 
':IClJ '1P 
i::NE E :SE SS E 5 
5-7 8- FJ 11-1 J 14- Hi 17-1 9 
., 
:: '-I 2 3 4 1 ? 3 '-I 1 ? .3 4 1 2 3 
1 1 1 
] 1 3 
Figure 21 Sample Printout. Contingency Table. Wi nd Speeds and Directions 
at T\I"o Standard Pressure Levels. 
'-I 
') AT f 1 1 ~ 3; 9 P AGE 
5S W .. 5w w W I~W NN II N 
2 (1-?2 23 -2 5 7. 6- 28 2':3-31 32- 34 35-1 
1 2 3 '-I 1 ? :> II 1 
" 
3 4 1 Z 3 4 1 2 3 4 2 3 4 
1 1 
1 2 2 
o 
1 
2 
3 
4 
5 
6 
"] 
8 
9 
WASATCH WEATHER MODIFICATION PROJECT 
- ---- -- --- - -- TEMPtRATURE TA-BLE 
SILVER LAKE BRIGHTON 
NOVEMBER 1957'1965 
700 MJB. LEVEL 
o TEMPERATURES COLDER THAN -69 DEGREES CENTIGRADE 
o TEMPERATURES WARMER THAN +29 DEGREES CENTIGRADE 
+20 +10 +0 -0 -10 -20 -30 -40 
6 6 4 
~ 6 t 
10 4 
7 6 
8 3 
7 1 
3 
8 
4 
9 
Figure 25: Sample Printout. Frequency Distribution of Temperatures 
at Standard Pressure Levels. 
-50 
DATE 300169 PAGe ")6 
-60 
76 
Table 3: The percent of Silver Lake Brighton storm flights for which 
the 700 mb temperature was between -5°C and -24°C (inclusive). 
10 years of Salt Lake City rawinsonde data (November 1956 
April 1966). 
Month Pe rcent of Flights 
November 54 
December 72 
January 84 
February 80 
March 85 
April 69 
One of the criteria for a seedable day was that the 700 mb temper-
ature be within this range, -5°C through -24°C. Thus it appears that on 
this basis) temperature may often be a limiting factor. All of the 
temperatures not within this range were higher than -5°C. Therefore, 
it will often be necessary for the effluent to be forced to levels well 
above 10,000 feet MSL in order to be effective. The temperature 
problem is to receive further attention. 
2. Cloud base, top, thickness, and lapse rate climatology. A 
program was written and applied to the storm flights each for Silver 
Lake Brighton, Logan USU, and Echo Dam to provide the information 
indicated in Figure 26. A cloud was defined as occurring wherever the 
relative humidity was at least 80%. The values at 50 mb standard 
increments, rather than significant level values, were used. 
~ASATCH WEATHER MODIFICATION PROJECT DATE 28D259 PAGE 
C La u 0 B A '5 E'5 • TO P S. T HIe K N E '5 '5 E S • AND U PS 0" P A E S (B EL ow AND WITH INC LOU 0 ) 
SILliER LAKE BRIGHTON 
NOIiEMaER 1~57'19G5 
DATE HR 
'5711 2 12 
5711 II 0 
5711 6 0 
571113 12 
5711111 0 
C;71115 0 
571115 12 
571117 12 
571119 12 
581112 0 
581112 12 
581115 0 
581116 0 
581127 12 
5911 5 0 
591123 12 
GOll II 0 
100MB 
SP8 DI P 
I1P S laC 
II 2~ 
11 19 
2 30 
G 21 
16 21 
12 31 
6 30 
4 34 
22 31 
1 1 g 
6 21 
10 25 
6 31 
15 31 
14 33 
22 32 
9 20 
BASE 
HT PRES 
M MB 
3010 700 
1430 850 
19'H II 00 
3023 700 
1431 850 
2935 10::1 
2959 700 
2460 150 
1959 800 
1985 Il 08 
1496 858 
1383 850 
13511 850 
19 II 1 8 OJ 
1521 850 
2600 150 
11196 850 
TOP 
liT PRES 
11 "'9 
5562 500 
4111 6 00 
5603 5 Oil 
4211 6 on 
4870 550 
4113 600 
4118 600 
4180 55') 
4820 55') 
3053 100 
5659 500 
5504 5 00 
11020 600 
3S 30 6 sa 
2520 750 
11351 000 
4265 6 oa 
WITHIN 
HT PRES 
M MB 
2552 2 00 
Z7 41 250 
3606 300 
1188 100 
3439 3 00 
11 78 100 
11 59 100 
2320 2 00 
2861 2 SO 
1068 100 
It163 350 
It121 350 
20bo 2 SO 
1589 1 SO 
999 100 
1757 ISO 
2769 250 
1000 DTIM TO 1000 OT 1M 
CLOUD BASE FROM BY 50 MB INC 
850MB 800MS 750M8* BASE TO TOP 
-5. -6. -4. -3. -II. -5. -5. 
-5. -5. -5. -5. -4. 
-3. 
-6. -5. -5. -5. -5. -6. 
-6. -8. -8. -7. -7. 
-3. -II. -5. -5. -5. -6. 
-8. -8. -8. -7. -7. 
-9. -9. -8. -7. -6. 
-7. -7. -7. -7. -7. -7. 
-1. 
-7. -0. -6. -5. -1. 
-6. -1. -1. 
-5. -4. -3. -4. -5. -5. -5. 
-6. -6. -5. ~5. -5. -6. -6. 
-8. -8. -8. -7. -7. 
-7. -8. -8. -1. 
-8. -8. 
-g. 
-8. 1. O. -1. 
-4. -4. -II. -4. -4. 
-6. -It. -II. -4. -II. -II. 
-6. -7. -8. - 5. -5. 
21 
6011 II 12 
6011 7 0 
6011 7 12 
G 011 8 0 
6011 8 12 
6011 9 a 
1 22 
19 21 
8 23 
8 29 
11 30 
1 II Jl 
1523 850 
3092 100 
1451 850 
3023 100 
3042 100 
3056 100 
4920 550 
4315 60a 
63 liD 450 
11211 600 
4890 5 so 
4890 550 
33 97 300 
I? 23 100 
It889 400 
1188 100 
18lt8 150 
1834 150 
-6. -6. -6. -G. -6. -7. -1. -7. 
601113 a 
601128 0 
6111 2 0 
GI1116 0 
G 11120 12 
611121 a 
G11121 12 
611122 12 
1;11123 a 
621115 12 
G21118 12 
f;2112e a 
1;41129 a 
f>511l2 12 
G51115 12 
n 21 
11 33 
10 2£; 
1 20 
19 19 
III 22 
10 31 
III 2P 
IS 21 
6 32 
5 32 
8 28 
3025 10a 
11151 850 
2390 750 
11183 850 
211 10 150 
2400 150 
1409 850 
3D 36 10J 
JOll2 100 
21190 158 
1961 80a 
3088 100 
15 2° 253C! 7C;::J 
1 G 21 19'3 e II OJ 
12 25 11173 850 
611 00 1150 
4820 5 so 
6270 450 
It860 550 
63 0::1 453 
548e 500 
11770 550 
6360 450 
5619 500 
It239 I> 03 
It151 Ii on 
It938 550 
G4 10 4 50 
It910 550 
56lt5 5 on 
33 75 2 SO 
3363 300 
38 SO 300 
3311 300 
3893 3 00 
3:188 ? 50 
3361 300 
33 24 2 SO 
2517 200 
17 49 150 
2190 200 
18 It2 1 SO 
38 P,J 3 00 
2912 25i) 
4112 350 
*LAPSE RATE IN DEGREES CENTIGRADE PER 1000 METERS 
-8. 
-8. 
-8. -8. 
- 8. -8. 
-6. -5. 
-8. -6. 
-7. -7. 
-7. -1. 
- 3. -6. 
-5. -6. 
-7. -7. 
-7. 
-7. -7. 
-~. -6. 
- 8. 
l'-l~tlrt' ~l> S,l!llpl,> Pnntclllt. Llstin~ or ,i(lllQ and Lapse Rat< Data. 
-8. -6. -6. 
-8. -6. -5. -5. 
-8. -6. -6. -6 •. 
-5. -6. -6. -6. -6. -7. 
-6. -6. -6. -6. -6. -6. 
-0. -5. -5. -5. -5. -5. 
-4. -3. -II. -4. -4. -4. 
-II. -II. -II. -4. -5. -5. 
-6. -5. -5. -5. -6. 
-4. -4. -5. -5. -6. -6. 
-5. -2. -3. -~. -4. -4. 
-7. -G. -5. -6. -5. 
-7. -7. -1. 
-7. -7. -7. -7. 
-7. -5. -5. -7. 
-6. -5. -5. -7. -7. 
-5. -5. -5. - • -5. 
-6. -6. -6. - -6. -6. -6. 
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The next step is to obtain frequency statistics for the heights of 
bases and tops, cloud thicknesses, and lapse rates below and within the 
clouds, stratified according to 700 mb wind directions. The temperatures 
within these "cloud" regions should also be provided. The initial 
impression is that the lapse rates below the clouds average steeper than 
those within the clouds. However, since these were all less than dry 
adiabattc, it appears that the thermodynamic conditions below the clouds 
will in general contribute a resistance to vertical motion which must be 
overcome by mechanical turbulence if seeding from the ground is to be 
effective. 
Since instability is released with a smaller lapse rate if the air is 
saturated, it appears that one should try to seed directly into the clouds 
in order to reduce this inibition to vertical velocities. For this reason, 
it would seem that the effluent from seeders at 9,000 feet - 9,500 feet 
should be much more likely to be effective than those at lower altitudes. 
Individual Storm Climatology 
The program described on pages 19-20 of the June 1968 Final 
Report was extended as indicated in Figure 27 and applied to storm 
rawinsonde data each for Silver Lake Brighton, Logan USU, and Echo 
Dam storms which lasted at least 12 hours. The purpose of these tables 
is to provide guidance for the selection of extreme and critical values 
and scales for various studies. They will also provide a reference for 
checking questionable results. 
WASATCH WEATHER ~ODIFICATION PROJECT nATE 03126B PAGE 14 
427846 SILVER LAKE RRIGHTON NOV 56-APRIL 57 STORMS GREATER THAN 11 HOURS 
STARTING 
YR MO DAY HR 
57 2 20 16 
ENDING OUR TOT 
YR MO DAY HR HRS 
57 2 21 B 17 .90 
57 2 24 23 57 2 2~ 10 12 .73 
57 2 27 57 2 27 13 13 .25 
57 3 3 57 3 3 22 22 .49 
57 3 4 8 57 3 5 16 33 1.27 
57 3 6 20 57 3 7 7 12 .11 
57 3 9 13 57 3 10 7 19 .70 
57 3 12 15 57 3 13 4 14 .42 
57 3 16 18 57 3 17 7 14 .62 
57 3 21 22 57 3 22 20 23 .49 
57 3 30 57 3 30 17 17 .19 
57 4 57 4 2 5 29 .48 
57 4 3 7 57 4 3 19 13 .32 
57 4 5 20 57 4 6 16 21 1.14 
57 4 19 2 57 4 19 14 13 .32 
57 4 22 2 57 4 23 15 38 1.86 
57 4 29 24 57 4 30 14 15 .35 
MAX 
.11 
.17 
.06 
.12 
.28 
.02 
.11 
.06 
.18 
.06 
.04 
.05 
.07 
.28 
.08 
.15 
.05 
AVG DURATION 
OF BREAKS 
.05 1 
.06 
.02 
.02 
.04 2 3 
.00 
.04 3 
.03 
.04 
.02 2 
.01 2 
.02 2 2 
.02 
.05 3 
.02 2 
.05 
.02 1 1 
Fl~urc 2., Sample Printout. Listing oj Precipitation Data. 
HOURLY VALUES OF THE STORM 
.04 .00 .04 .03 .10 .08 .11 .05 .04 .10 .06 .05 
.05 .03 .04 .03 .05 
.02 .04 .09 .01 .11 .13 .05 .02 .03 .03 .17 .03 
.03 .01 .01 .04 .04 .06 .01 .01 .00 .02 .01 .00 
.01 
.03 .01 .02 .12 .06 .04 .01 .01 .00 .01 .03 .00 
.01 .02 .01 .01 .00 .06 .01 .01 .01 .01 
.D1 .01 .02 .00 .01 .02 .02 .00 .00 .01 .00 .00 
.00 .03 .02 .04 .05 .05 .05 .06 .08 .06 .06 .04 
.01 .04 .28 .12 .08 .07 .01 .01 .01 
.01 .01 .01 .01 .01 ~01 .00 .01 .02 .00 .01 .01 
.04 .10 .06 .05 .00 .00 .00 .01 .11 .02 .06 .04 
.01 .01 .04 .05 .03 .02 .05 
.04 .01 .00 .05 .03 .05 .02 .05 .04 .06 .02 .00 
.01 .04 
.03 .01 .04 .16 .08 .00 .01 .01 .02 .04 .02 .01 
.18 .01 
.03 .06 .02 .05 .03 .02 .01 .02 .02 .00 .02 .00 
.01 .02 .01 .01 .04 .03 .02 .00 .00 .04 .03 
.04 .04 .01 .00 .00 .02 .01 .00 .01 .01 .00 .01 
.00 .01 .00 .02 .01 
.05 .04 .01 
.03 .04 .01 
.01 .01 .01 
.00 .01 .00 
.03 .02 .01 
.00 .01 
.00 .02 .02 .00 .00 .02 
.02 .00 .01 .03 .04 .03 
.02 .00 .01 .02 .07 .03 .03 .03 .04 .00 .03 .01 
.03 
.01 .06 .07 .15 .04 .04 .28 .28 .02 .00 .01 .00 
.00 .00 .02 .05 .03 .04 .03 .00 .01 
.02 .05 .08 .04 .01 .03 .03 .02 .02 .00 .00 .01 
.01 
.02 .03 .01 .02 .04 
.08 .15 .10 .01 .04 
.07 .09 .09 .10 .12 
.02 .03 
.05 .00 
.04 .02 
.10 .09 
.01 
.04 
.06 
.04 
.03 
.05 
.01 .o? 
.04 .03 
.02 .04 
.03 
.08 
.04 
Experimental Time-Unit Study 
Based on a 10 year record (November 1957 - April 1966) for the 
November-April season, the median duration of precipitation periods, 
by months, is 8 - 12 hours for Silver Lake Brighton, 4 - 6 hours for 
Logan USU, and 4 - 6 hours for Echo Dam.~:~ For Silver Lake Brighton, 
a high altitude Wasatch Front station, median precipitation for non-
overlapping periods of the first 12 hours of storm, were as follows:~:< 
3 hour periods 
4 hour periods 
6 hour periods 
O. 06 inch 
O. 09 inch 
O. 14 inch 
Thus, it would appear that a 6 hour experimental time unit is compatible 
both with storm durations and prec ipitation amounts. 
Cache Valley Cloud Seeding-Lapse Rate Study 
Data from a mountainside network could be very important, not 
only for assessing the feasibility of seeding from along the east side of 
the Cache Valley, but also for understanding the processes by which the 
effluent from seeders, located in the mountains to the east, reaches or 
fails to reach the Cache Valley floor instead of diffusing upward. This 
network is still not a reality, because priorities have had to be assigned 
elsewhere, but considerable progress has been made. 
A s explained in previous reports, the plan is to have sensor s 
(thermistors) at about 100 meter vertical intervals, up a steep mountain 
slope. The data are to be electrically telemetered to the UWRL on 
~:<These values were taken from computer surrunaries accomplished in 
FY68. 
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cOITlITland, visually read, and ITlanually recorded. ,Thus, if the values 
prove to be sufficiently representative, one can get the equivalent of 
ITlany low-level rawinsonde flights per day with very little effort and 
expense. The six stands for holding the sensors have been installed. 
The cable has been laid, and the readout unit has been designed, built, 
and bench ... checked. The readout unit is manually operated and visually 
read. The readout units are in voltages which, for the present, are 
ITlanually converted to temperature values. Stabilization requirements 
allow the readout of one station parameter in about one-half minute. 
The selection of a proper shielding system has been a real problem. 
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Personal correspondence with several micrometeorological investigators, 
such as Portman, Dalrymple, Carlson, Daniels, Tanner, and others, 
supplied a diversity of opinions. The requirements for avoiding radi-
ation input into the sensor is obvious. One must also avoid any collection 
of ITloisture that would give wet bulb temperatures upon evaporation. 
These requirements must be met while maintaining adequate ventilation 
during and following periods of snow and freezing rain. 
Be caus e of the d ifficult shield ing problem, the network was des igned 
to include two sensors (bead thermistors) at each level. One is white 
and unshielded, as recommended by one of the correspondents. An 
identical therIT1istor (within manufacturing capabilities) is placed in a 
shield which has been designed by the Project (Figure 28a and 28b), The 
top of the shield is a ten inch disc of 1 inch pine lUITlber. A hollow, 
~ ~ 
l/ 
LV 
Figure 28a: Stand and Shield A ssembly for the 
Mountainside Temperature Network. 
Thermistor I ~ ts1 151 ~ 
Figure 28b: Shield. 
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bottomless cylinder, 18 inches long, made of a louvred sunscreen (one-
way) will be suspended from this disc, and the thermistor will be 
suspended within this cylinder. Two of these shields have been built, 
but not yet installed. 
Casual observance of an instrument shelter made of this screen, 
through the 1968-69 winter, indicates a minimum of icing problems. 
The screen will shield the sensor from direct radiation and the length, 
18 inches, should reduce reflected radiation to a minimum. Having no 
bottom will prevent the collection of snow within the shelter. The 
louvre s should allow adequate ventilation. 
The problem of the mass of the shield slowing the response to 
temperature changes is often considered to be a problem. One might 
also be concerned with the cooling of the shield by evaporation, especially 
since it is to be made of a thin metal. In an effort to estimate the extent 
of the shield mass problem, the net radiational exchange between the 
sensor and the shield when their temperatures differ by 1°C, 2 oC, 3 0 C, 
4°C, SoC, and 10°C respectively, was considered for temperatures 
ranging from -40°C to +40 o C (-40°F to 104o F). A simple computer 
program was written and executed, applying the Stefan-Boltzman Law. 
4 E = (j T 
E is the emittance of a black body. (J" is the Stefan-Boltzman 
-11 2 
Constant (8.27 x 10 gm cal/cm /min), and T is the temperature in 
degrees Kelvin.(14) This program gives the net exchange between 
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parallel, one square centi:meter, black body surfaces, and shows that 
o 
at 40 C, with a d iff ere n c e of 1 0 c en t i g r a de de g r e e s be twe en tw 0 pa r all e 1 
surfaces, the net exchange is only 0.1 gm cal/minute. The next step 
is to apply the geometry of the shield-sensor complex to determine the 
net exchange between the shield and sensor for realistic assumed 
conditions. The results should provide a numerical estimation of the 
shield mass problem. 
SPECIAL LETTER REPORTS 
In addition to the support activities and studies, there were two 
requests for special information that deserve special mention. 
1. "On the potential of weather modification enhancing water 
supply in the Great Basin." A letter report on this topic was mailed 
to the Bureau of Reclamation on January 16, 1969 1 in reply to Mr. 
Bellport's request of November 15, 1968. It was estimated that the 
potential new water yield from a 15% increase in precipitation would 
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be in the vicinity of 1 1/6 to 1 1/2 million acre feet of water in a normal 
year. The report also listed 8 "reasons why the eastern edge of the 
Great Basin holds special potential for the enhancement of the water 
supply by cloud seeding, " and "problems that will require research 
and / or development activitie s. " 
2. Comments on U. S. Senate Bills S.373 and S.2058 and U. S. 
House of Representatives Bill H. R. 9212. There were 9 pages of 
comments, accompanied by a cover letter, in response to a request 
from Senator Warren C. Magnuson, dated June 3, 1968. Each para-
graph of the respective bills was reviewed in detail, and comments 
were made, both positive and negative, as appropriate. These 
comments are publ ished in the "Hearing s before the Committee on 
Commerce, United States Senate, Ninetieth Congress, Second Session 
on S.373, "To Provide For a Weather Modification Program, and 
S.2058, "To Provide a Practicable Weather Modification Program. for 
the Upper Colorado River Bas in~" June 14 and 1 7, 1968. It should be 
noted that although this activity took place in June 1968, it was not 
included in the June 1968 Final Report. 
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PROJECT SKYWATER JOINT EXPERIMENT NO.1 
The general objective of this Experiment, as stated in the Office 
of Atmospheric Water Resources (OAWR) plan was: lITo conduct a 
coordinated experiment employing major field site s in different 
geographic locations in order to establish common characteristics of 
interaction between artificial ice nuclei and meteorological parameters 
in a generator-cloud-precipitation cycle and utilize these characteristics 
to explore the sources of variation in the ice nuclei budget. " 
The OAWR plan went on to describe the objectives in more specific 
te rms. 
"B. Objectives 
11 The three major objectives of Joint Experiment No. 1 are: 
1. Ice nuclei budget study 
2. Numerical modeling 
3 8 ADP analysis 
"The components of the ice nuclei budget study are: 
1" Background inve stigation. - -J\Tatural ice nuclei and aerosol 
counts measured under major types of synoptic conditions. 
2. Transport. - -Study of the movement and/ or disorganization 
of the seeding material plume. 
3. Interaction. - -Study of the silver concentration in precipitation 
sarnples and the relation of the silver concentration to the shape and size 
of the falling crystals. 
4. Downwind concentration. - -Measure of the extent of seeding 
Illaterial carried downstreaIll without interaction. 
"The cOIllponents of the nUIlle rical Illodeling study are: 
1. To further develop nUIlle rical cloud and traje ctory Illodels on 
a synoptic scale based upon expanded radiosonde coverage. 
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2. Refine cloud physic s paraIlleters and exaIlline kinetic -kineIllatic 
interaction based upon nuclei budget observations. 
"The cOIllponents of the ADP analysis prograIll are: 
1. Develop standardized data reporting forIllats based upon an 
analysis of data collection requireIllents and liIllitations and retrieval 
needs exaIllined during Joint ExperiIllent No.1. 
2.. Provide data collected during the course of the experim.ent 
to all participants with as short a turn-around tiIlle as pos sible. " 
The Wasatch Weather Modification Project's assignIllent in this 
experiment was to provide input for the ice nuclei budget study and the 
ADP analysis, for the Project's ExperiIllental Area. This does not 
exclude, howeve r, eventual effort directed toward the refinement of 
cloud physics paraIlleters and the iIllproveIllent of our understanding 
of kinetic-kineIllatic interactions. 
The Project itself had also set forth the following set of objectives 
for the February activities. These were entirely cOIllpatible with the 
objectives of Joint Experiment No.1, and they provide direction for 
the analysis of the data eIllanating froIll these efforts .. 
"I. The objectives of these special operations are to: 
a. Determine the capabilities for recognizing the time and 
space precipitation patterns of storms approaching and penetrating 
the Wasatch Mountains each for: 
(1). The 3-cm weather radar as exemplified by the 
BOR unit. 
(2). The USU modified, 3-cm tracking radar. 
b. Procure information about the time and space precipi-
tation patterns of storms approaching and penetrating the Wasatch 
Mountains as revealed by radar returns .. 
c. Procure information concerning the characteristics of 
the AgI plume resulting from ground- based seeding from selected 
sites under selected meteorological conditions. 
d. Procure information concerning background and 
seeded nuclei counts at the ground. 
e. Procure information concerning the relationships 
between the silver content of precipitation water and plume 
behavior. 
f. Procure information concerning the characteristics of 
snow crystals in relation to other meteorological conditions and 
events. 
g. Procure information concerning Cache Valley and upper 
air (to 25, 000 ') lapse rates and wind conditions during storm 
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periods in relation to other meteorological conditions and 
events. 
ho Obtain experience with respect to the measurement 
requirement procedures, costs, equipment and personnel 
requirements, training requirements, equipment capabilitie s, 
and problems in carrying out experiments of this kind. ,,(15) 
February operations were further divided into 3 individual 
experiments, with the specific objectives and procedures for each 
listed in detaiL 
1. The Radar Experiment.. The primary purpose of this 
experiment was to: "Determine the capabilitie s of the BOR weather 
radar and the USU modified tracking radar for recognizing and 
reporting the time and space precipitation patterns as storms approach, 
meet and penetrate the Wasatch Mountains. " 
In addition, it was hoped that the experiment would yield 
significant "information on time and space precipitation patterns as 
storms approach, meet, and penetrate the Wasatch Mountains. " 
Although Furman (16) was able to use one effectively in his 
study of the characteristics of wintertime orographic clouds over 
the Colorado Rockies, some knowledgeable investigators have verbally 
expressed doubts concerning the capabilities of the 3-cm radar for 
delineating the precipitation patterns of snowstorms approaching and 
crossing the Wasatch Mountains" The answer may depend upon the 
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water to ice ratio of the precipitation in the clouds as well as upon 
the total amount of ITloisture pre sent" 
In order to facilitate this experiment, the OAWR as signed its 
3" 2-crn radar to the Project for the month of February" This radar 
Vilas operated at two sites (Figure 29): the Wildlife Refuge, west of 
Brigham City; the Cache Valley Airport.. It was operated by Mr., Al 
Bessel of the OAWR., Although it wasn't always attained, the goal 
was to operate this radar during all precipitation periods. In addition, 
SOITle operation during weatherle s s periods was also de sirable to 
establish permanent echo patterns, and as a checking procedure. PPI 
readings at several vertical angles and overhead observations were 
Dlade" 
In addition, the Project has on hand an AN - TPQ- 9, 3.2-cm 
tracking radar which has been modified by the Project to enable it 
to define precipitation patternse The se patterns are recorded on 35 rnm. 
fiLm, making use of a locally adapted camera system§ The unit has not 
yet been provided with the necessary personnel protection facilities 
that allow free use during wintertim.e operationse This unit was 
operated at the Cache Valley site, alongside the OAWR radar, during 
selected storm periods .. 
The OAWR radar was operated for a total of 217 hours on 25 
days@ This radar was off due to malfunction for only 13 hours during 
the entire month" The Project's radar was operated 21 hours on 5 
successive days. 
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Fll2ure 29: E q ui pm en t L 0 cat ion s . Pro j e c t S k yw ate r 
Joint Experiment no. 1. 
The fillll from this experilllent has been processed and is on 
hand at the Project, along with an appropriate log. Much of the 
appropriate" synoptic" inforlllation has been procured and the data 
from. the telellletering precipitation llleasurelllent network are on hand~ 
It is expected that analysis of the radar data will begin early in FY70., 
Because of the conscientiousness of Mr .. Bessel, the operator, the 
data should provide a very good indication of the effectiveness of this 
kind of equiplllent in this kind of environlllent. 
As a result of this experilllent, the following suggestions 
have been lllade concerning continuous operation of a lllobile radar, 
of the OAWR radar type, during all storlllS. 
a. Two operators are needed. 
b. A lllodification is needed which will allow changing frOlll 
the quasi-horizontal to the vertical, and vice versa, frolll within 
the trailer (this may not apply to other units). 
c. A good weather forecast is needed in order to operate 
during all storllls, without also operating during echoless periods. 
In this respect, it should be noted that a storlll on the scope is not 
necessarily in view at the radar site .. 
d.. If there is to be effective coordination with other units, 
such as the weather forecaster, an airborne group, the operating 
headquarters, etc., a good radio cOllllllunications system is required .. 
It should also be relllembered that the radar can be used to inforlll 
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about the weather on a real time basis, if communications are adequate. 
e. For dependable operation, both the radar and the operating 
personnel must be protected frorn the elements. 
2. The Plume and Related Experiments .. 
a. The objective of these experirnents was to procure 
information on: 
(1)~ The ice-forITling nuclei background in the Wasatch 
Mountains Experirnental Area. 
(2). Vertical and horizontal diffusion rate s and the 
plume patterns of the seeding rnaterial. 
b., In order to fulfill this rnis sion, rneasurernents we re 
undertaken and sarnples were collected as follows. 
(1).. Ice-forrning nuclei rneasurernents at the ground, 
using 2 NCAR counterso These activities are discussed 
under the "Support Activities" section of this report. 
During February, there were 372 hours of observation 
on 19 days by Williarn Slus ser, a graduate student in 
meteorology.. The following suggestions are offered for 
consideration for sirnilar future operations .. 
(a).. Always keep on hand: a gallon of glycol; 
a quart or two of distilled water; a quart of 0.01% 
sodiurn chloride solution; an extra roll of recorder 
paper; work sheets; methanol; and extra fuses. 
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(b), For the mobile counter, it is desirable to 
keep the cloud chamber cool between stops, so the 
generator must be operated while traveling. Provisions 
should be made to keep the fumes away from the personnel. 
(c). Wind direction and thermodynamic stability 
forecasts would be useful in the selection of measurement 
site s~ 
(d),. If there is to be effective coordination with 
seeder operators, aircraft measurement units, weather 
forecasters, radar operators, etc .. , adequate radio 
communications must be supplied .. 
(2). Airborne ice-forming nuclei counts, again using 
an NCAR counter. These were ITlade on 4 days by personnel 
of EG&G Corporation who have subrnitted a separate report 
to the Office of Atmospheric Water Resources.( 17) As a 
result of this effort, it becaITle apparent that: 
(a)o An aircraft of the type used during this 
experiITlent, with the saITle de -icing and navigational 
equipITlent, is unable to fly into" seedable storms 11 in 
the Wasatch Mountains because of safety considerations .. 
(b). Plume patterns in the Wasatch Mountains 
during unseedable periods rnay be quite unrepresentative 
of pluITle patterns during seedable periods. For example, 
a llnon-seedable period 11 was seeded on February 27, 
1969. A persistent plume was found at the ground level 
along the west side of the Cache Valley. For 3 of the 4 
11 seedable periods 11 (UWRL defined) which were seeded 
there were no counts at the ground above 2. 5/liter. 
For the remaining seeded 11 seedable period, 11 high 
counts were recorded only at Hyde Park, on the east 
s ide of the valley 0 
(3). Precipitation samples during seeding periods, 
for the purpose of determining the silver content of the 
precipitation water. Six sites were selected, as indicated 
in Figure 29.. An open-faced box, 4 feet on a side, and 10 
inches deep was placed in the open at each site. A sheet 
of plastic (41X41) was placed in the bottom of each box. 
At the end of an hour, the sheet with its contents was 
removed and another put in its place. The contents of the 
removed sheet were poured into plastic bags which were 
then labeled and placed in a freezer as soon as possible 
A background sample was collected at each site on 
February 7th. On February 13th, one sample was collected 
at each of 5 of the site sand 3 one -hour sample s were 
collected at Hyde Park. On the 25th, 3 one-hour 
saITlples were collected each at the Hyde Park, Millville, 
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and Logan Power Plant sites.. In all, 23 precipitation 
samples were collected. 
Certain lessons were learned as a result of this 
operation. 
(a). The temperature of the air and the snow 
at low elevations, in this Experimental Area, is near 
the melting point.. Thus there may be considerable 
melting, making it hard to collect samples. 
(b)e The plastic sheets should be very flexible. 
(c). It is very easy to forget to avoid automobile 
fume s. 
(d). Taking samples in bench areas is difficult 
because of transportation problems. Dr. Millar was 
stuck 4 times in one dayo The operation is often ahead 
of the snow plows o 
(e). Snow rates were so low that one questions 
the wisdom of I hour sample s" Each extra bit of 
handling increase s the pos sibility of contamination, 
very little of which can be tolerated, since the 
intere st is in such low concentrations. 
(4). Snow crystal replicas. The primary emphasis 
was on the slides which were pre-coated with Formvar 
by EG&G. Each slide was exposed to the falling snow 
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until it appeared that several flake s had fallen on it.. The 
slide was then exposed to a chloroform vapor for 30- 60 
seconds. The slides were then placed on top of the snow 
in a plastic box, which was half-filled with snow sprinkled 
with salt (NaCI).. The objective of this temporary storage 
procedure was to keep the slides cold until the Formvar 
dried. There was some que stion concerning the pos sibility 
of contamination from the salt, or possibly even from the 
snow, but at some locations, there seemed to be no better 
way_ At the Hyde Park location, some of the slides were 
allowed to dry in the freezer. 
Previous experimentation revealed that, in general, 
when the slides were hand-held, they were too warm for 
effective snow crystal collection. Consequently, the slides 
were laid on the ground, either directly on the snow or on 
a thin steel plate which had been outdoors for some time. 
The slides were also pre-cooled by previous exposure 
to the air. 
The exposure to chloroform was accomplished by the 
following procedure. A piece of felt was placed in a 
hollowed out section of a piece of wood. The compartment 
was about 1/2 inch deep, and about 1 I /6 times as long and 
1 3/4 time s as wide as the 1" x 3" glas s slide. A few drops 
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of relatively warm chloroform were placed on the felt, 
which was then placed dire ctly over the slide on which 
the snow had fallen, without rnoving the slide. 
There was also some additional experimentation with 
slides that were coated at the time of the exposure to the 
snow. A number of different coatings were tried, 
including Formvar and various locally available plastic 
sprays. Slides of the size suitable for ordinary slide 
viewers, as well as the I" x 3" slides were also used. 
125 replicas were collected on 8 days. We were 
unable to detect usable replicas on the pre-coated slides" 
However, they have recently been forwarded to Dr. Farn 
Parunga of EG&G for microscopic examination. Several 
replicas of individual crystals are recognizable on the 
locally coated slides. 
As the result of these activities it is felt that the 
operation would benefit from instruction by an expert .. 
This could shorten the trial and error period considerably, 
producing useful replicas sooner at less cost. SOllle 
particular que stions that need answering are: 
(a). Should your spray material be warlll 
or cold? 
(b).. From what distance do you spray? How 
thick should this spray be? 
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(c). Which spray materials are best? Which 
are not acceptable? 
(d). How long do you wait after spraying before 
exposure to the snow? 
(e)e How do you store the slides while drying? 
(5). Support meteorological measurements. 
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(a). Surface wind equipment and hygrothermographs 
were on loan from NCAR. This equipment was located 
as indicated in Figure 29. 
1. The Wind Equipment. Although the 
equipment design allowed for the use of batteries 
to operate the clocks, NCAR I S experience was 
that clock operation was unsatisfactory, and they 
so advised. However, the de sirability of having 
measurements at locations for which commercial 
power was unavailable was so great that considerable 
time, and in general unsuccessful effort, was spent 
in trying to make the necessary modifications. It 
is expected that the problem could have been solved 
if a technician could have been assigned full-time 
to the operation and provided adequate transportation .. 
As it was, priority had to be given to the seeding 
operations and the maintenance of the telemetering 
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precipitation measurement network. Consequently, 
snow vehicles necessary to reach quasi-inaccessible 
sites were often unavailable. 
During February, the period and the number 
of hour s of operation were as indicated in Table 4. 
Table 4. Periods of operation of the wind measurement units. 
No. of hr s. of o~ration 
Wind Wind 
Station Period of 0Eeration Direction SEeed 
Lewiston (405) 01/000-28/2400 0 672 
Garden City Sinks 04/1025-28/2400 0 590 
(415 ) 
Hyde Park Canyon Hill 14/1110-17/1110 72 72 
(420) 
Backscatter (430) 01/000-28/2400 672 672 
Golf Course (435 ) 12/1040-28/2400 397 397 
Paradise (440) 12/1210-28/2400 396 396 
The data from the February wind traces have been 
extracted, punched on an hourly basis, and forwarded 
to the Bureau of Reclamation .. 
The 1968- 69 winter operations provided 
several valuable lessons .. 
a. Unless there is a surplus of over 
snow vehicles" one must expect that there 
will be times when backcountry site s requiring 
such transportation will be inacce s sible, 
and perhaps for long periods. Alternate 
snow and no snow patche s are very hard on 
snow vehicles. One should carefully weigh 
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the benefits of remote locations against the 
costs of maintaining them and frequent outages~ 
~ The se units need weekly electronic 
calibration checks and semi-monthly calibration 
checks by a meteorologist. 
~ If at all possible, sites with AC 
power available should be selected. If a 
site without power must be selected, arrange-
ments must be made to keep the recording 
unit warm. 
d. For the backcountry, in the 
mountains, remotely operated telemetering 
units are in the long run probably cheaper 
and more reliable than graphically recording 
units. 
2.. Hygrothermographs 0 The four 
hygrothermographs were located as indicated 
in Figure 29~ Unfortunately, the competition 
for snow ve hicles forced neglect of the maintenance 
of the equipment at 3 of the 4 selected 
sites. Consequently, there were 672 hours of 
operation at the Backscatter Site (100% operation) 
and almost none at the other sites. 
Again, the operational record emphasized: 
a. The requirement for a surplus 
of snow vehicles in order to have them 
available as needed to make the equipment 
operable in remote areas. 
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b. That in the long run, in backcountry 
in the mountains, telernetering equipment is 
probably cheaper and more reliable to operate 
than graphically recording equipment. 
(b). Rawinsonde operations. The rawinsonde 
receiver unit arrived at the end of January, with no one 
on the Project already familiar with this equipment. 
Two practice flights were run with the help of Dean 
Hirschi, Sub- station Network Specialist, ESSA, Utah 
State Climatologist's Office. Mr. Hirschi had previously 
worked as a rawinsonde operator. During February, 8 
flights were attempted. 
It seems pertinent to remark that the successful 
operation of this equipment takes practice. The use of 
a check list should be required, even for the experienced. 
'J 
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(c). Data for Seeding Evaluation. Although the 
departure froITl the regular seeding plan would cOITlplicate 
if not obviate the use of at least SOITle of the data, the 
total activity could provide useful inforITlation toward 
the developITlent of hypothe ses concerning: seeded and 
unseeded patterns; target-observed wind relationships; 
the relative iITlportance of different ITleteorological 
circuITlstances; etc. In addition, since the Joint 
ExperiITlent of the day was sOITletiITles at either New 
Mexico State University or Montana State University, 
there were days when standard operating procedures 
could be applied. 
1. The seeding operation. There were 
two seeder sites as indicated in Figure 29. The 
altitude of BrighaITl City East is about 7100 feet, 
and at Blue Hill about 6127 feet~ Meteorologically, 
BrighaITl City East is considered to be the ITlore 
desirable, but Blue Hill is ITluch easier to reach. 
BrighaITl City East is at the first ridge of the 
Wasatch Mountains, just east of BrighaITl City and 
3 ITlile s north of Mantua. The ridge is sharp. 
Blue Hill is ITlore of a true hill, being Ie s s sharp 
with higher ITlountains to the west... For Joint 
ExperiITlent No .. 1 there was to be continuous 
operation of one seeder from. 0800 to 1 700. The 
seeders were operated as indicated in Table 5. 
Table 5: Periods of silver iodide generator operation. 
Blue Hill 04/1630 05/1130 Generator checkout 
Blue Hill 08/1540 08/1705 Generator checkout 
Blue Hill 12/0815 12/1700 BOR experiITlental day 
Blue Hill 13/0820 13/1740 BOR experiITlental day 
Blue Hill 15/1630 16/0800 Seedable day 
Blue Hill 21/1545 21/2300 Seedable day 
BrighaITl City East 25/0955 25/1800 BOR experiITlental day 
BrighaITl City East 27/0800 27/1700 BOR experiITlental day 
Total tiITle 79 hrs.. The record of seeder operation was forwarded 
to the OA WR in March. 
A considerable aITlount of learning caITle out 
of these experiences. For a ITlonth long experi-
ITlent of this kind in winter, using ITlanually 
operated silver iodide generators, located 
ITloderately high ITlountain sites: 
~ Two ITlen are required during 
incleITlent weather, just to operate the 
seeder, and there should be a standby crew 
of two to cover weekends and eITlergencies. 
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These ITlen ITlust be cOITlpletely faITliliar with 
the terrain, since the operations are likely 
to be during periods of low visibility. 
b. One 4-wheel vehicle, two snow 
ITlachine s, and two sets of snow shoe s are 
required for the operating crew. A second 
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set of the same equipment should be available 
for a rescue crewo 
c. Spare parts on board should inc lude 
seeder fittings. 
d. The 0800 turn on must be based on 
a dec i s ion by 1 6 a a the p r ev i 0 us day. 
~ Without allowing considerable extra 
travel time, one cannot be sure of being 
ready to turn on and off according to a rigid 
schedule. The condition of the snow is a 
significant controlling factor in the operations 
of snow vehicles, and this condition may vary 
considerably from day to day. The time of 
day can often be critical to the efficiency of 
the snow machines with morning averaging 
much better than afternoons, in this area in 
February. 
The wear and tear on snow machine s change s 
their efficiency rapidly, and often requires the 
use of substitute vehicles which mayor may not 
operate as well. Snow shoeing is slow, and it 
may sometimes be required to get there. 
£. Some sort of temporary shelter 
:must be provided to allow for operations, 
the mountains at temperate latitudes, with a 
heavy observation load. It will be noted that 
th e fie 1 d r e qui rem en t s are quite s im i 1 art 0 
those for the manual operation of the silver 
iodide generator. 
a. Two to 3 men, at least 2 of which 
are well-trained technicians are necessary 
to maintain continuous operability. At the 
present stage of the USU network, there 
should be an electrical engineer in place 
of one of the technicians. 
b. A 4-wheel drive pickup truck, with 
winch, and 2 snow machine s must be 
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ava ilable at all times. It should be expected 
that, for safetyts sake, 2 men with 2 snow 
vehicle s are required for all work in remote 
areas in winter. 
c. Special, light-weight Artic clothing 
are required for efficient winter operation. 
One must antic ipate the wor st when going 
into the field. 
d. A 11 field crews should have a rad io 
link with the base station, with a definite 
checkout-checkin and estimated time of 
return system. Provisions should be 
made for search and re scue, if needed, 
and each crew member should carry a 
minimum survival kit. 
III 
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